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KELECON-—Specifically designed for daily routine fluoroscopy. any number of locations: Kinescope or videotape recording can ` 
This new concept of fluoroscopy consists of a high gain (6 or 7 easily be added. Routine spotfilm radiographs are done with j 
inch) image intensifier with a high-quality vidicon camera cou- the famous side-loading Nassau spotfilm device. Here, for the 
wied direct to the output phosphor. Fluoroscope with TV conveni- first time, Is a new low-cost TV fluoroscopy system. Quality con- 
2nce in a lighted room. Saves time, no dark adaptation required. trolled reliability you can depend on. Write for brochure. West- 
TV monitors 8, 14, 17, 21, 24, and 27 inch sizes can be used in Inghouse Electric Corp., 2519 Wilkens Ave., Baltimore, Md. 21203. 
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“Outstanding Contribution"'in Cholangiography 


Rapid Optimal Opacifications: 
When liver function is normal, 
Cholografin ( Methylglucamine 
Iodipamide Injeetion U.S.P. or 
Iodipamide Sodium Injection 
N.F., Squibb) outlines the bil- 
lary ducts (even after chole- 
cystectomy) in about 25 
minutes; an intact gallbladder 
is completely opacified within 
215 hours.}-4 


High Diagnostic Accuracy: A 
statistical evaluation of the ac- 
curacy in diagnosing bile duet 
disease in post-cholecystecto- 
mized patients is reported to 
be 86%.! In another series,’ 
diagnostic interpretation was 
made in almost 70% of patients 
with chronic cholecystitis. 


Intravenous cholangiography 
is “The method of choice’’é for 
gallbladder visualization in in- 
fants, 


CHOLOGRAFIN 


METHYLGLUCAMINE IODIPAMIDE INJECTION U.S.P. 
OR IODIPAMIDE SODIUM INJECTION N.F., SQUIBB 


Dosage and Administration: Cholografin M ethylglucamine (methylglueamine iodipamide) —20 ec. 
(adults) and 0.3-0.6 cc./Kg. body weight (children). Cholografin Sodium (iodipamide sodium) —40 
cc. (adults) and 0.6-1.2 cc./Kg. body weight (children). Give only by slow LV. injection. 


Supply: Cholografin Methylglucamine (Methylglucamine Iodipamide Injection U.S.P), providing 
52% methylglucamine iodipamide—20 cc. vials and ampuls. Bound iodine content is about 26% (5.2 
Gm./20 ce.). Cholografin Sodium (lodipamide Sodium Injection N.E), providing 205€ iodipamide 
sodium—20 ec. vials and ampuls. Bound iodine content is about 134% (2.6 Gm./20 ec.). The pH has 
been adjusted to 6.5-7.7 with sodium hydroxide. Both iodipamide preparations contain 0.382% sodium 
citrate as a buffer; 0.04% disodium ethylenediamine tetraacetate dihydrate (0.02856 in the ampuls 
of Iodipamide Sodium Injection N.E) as a sequestering agent. Methylparaben 0.1% and propyl- 
paraben 0.03% have been added to the vials of both iodipamide preparations as preservatives. 








Side effects: After too rapid administration there may be transient restlessness, sensations of 
warmth, pressure in upper abdomen, and nausea. 


Precautions: I.V. test dose should be given. Stop examination upon evidence of allergy. In rare 
cases, despite careful testing, anaphylactoid reactions may occur. Contraindieated in combined 
severe impairment of renal and liver function. For full information, see your Squibb Produet 
Reference or Product Brief. 


References: (1) Cohn, E. M.: Am. J. Gastroenterol. 35: 115 (Feb.) 1961. (2) Jones, M.D., et al.: J. Pediat. 53:172 (Aug.) 
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ViGeorcecording 
ban —— instantly recreates 
your fluoroscopy 
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it’s like reliving the examination 


play it back immediately 


to provide on-the-spot confirmation of what you’ve 
done and guidance for further procedure (no waiting 
for darkroom processing as with cinefilm) 


slow it down 


decelerate to 1/60 normal speed for slow-motion 
survey of fast-moving action 


‘‘freeze’’ a decisive moment 


stop any significant frame for detailed scrutiny: 
hold it still for as long as five minutes 


study and restudy anytime, now or later 


recreate the examination as often as necessary 
without further irradiating the patient 


transmit to multiple monitors 


in the room itself, in the radiologist's office, 
in the auditorium — during the examination or any 
time later 


easy to record 
พ อ YY 


ส ว 2 ั ส ร ก ร 1). | pushbutton start and stop: by remote control at 
tableside or directly at recorder 


The SONY X-Ray Videocorder 


... Offers the added advantages of 
slow-motion and single-framing 


...is instantly adaptable to any existing TV equipment 
...1S marketed/serviced in the U.S.A. exclusively by Picker 


get the full story from your local Picker representative, or write 
PICKER X-RAY CORPORATION, White Plains, N.Y. 
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AECL'S 


TH ERATRON 


SO 


New, sound ideas, the finest workmanship plus, above all, a close appre- 
ciation of the needs and desires of radiotherapists — are the ingredients of 
AECL’s masterpiece — the THERATRON 80. 

Beam control, for example — the slope of the new AECL multivane 
collimator will be precisely matched to the particular source diameter you 
choose. The extensible uranium final definer can be located at just the right 
distance from the source (or patient) to provide optimum conditions in each 
treatment situation. Beam shaping possibilities with AECL's convenient 
shaper kit are limitless, precise and easily selected. Direct field illumination 
by a bright, prefocussed light source leaves you with absolutely no doubt as 
to the area you are treating. 

These few points alone aptly demonstrate the perfection of every 
Theratron 80 component and the precise design and engineering that 
relates them. 





Sales and service representation in over one hundred countries 
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Fluoricon proves there's more to it than meets the eye! 

-- What you see here is a remarkable wedding of electronics, 

| optical science and radiology. The fluoroscopist with ล 
General Electric Fluoricon Image Intensifier enjoys many 
distinctive advantages and conveniences. Not only is 
visual acuity improved, but the entire image is seen 
by both eyes simultaneously. And work can 
be carried out right in room light. Strictest 
quality is assured by start-to-finish G-E 
manufacture — including all optical 
elements and camera. Motion cinefilming 
Is carried out as easily as conventional 
fluoroscopy; so radiologists can readily restudy 
sequences before making a diagnosis. There also 


Is instantaneous selection of direct viewing and 
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cinefilming, or television viewing and cinefilming . . . 
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a General Electric exclusive. These advantages 
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PERFORMANCE WRAP-UP 


. . . facts on Fluoricon Image Intensification 





Image tube and optics: 


Fluoricon features an exclusive, distortion-free direct 
viewing system, created for it by G-E optical special- 
ists with extensive experience in this category of 
precision design. Optical system delivers bright, vir- 
tually life-size images. You see comfortably, with 
both eyes, thanks to four inch exit pupil . . . won't 
"lose the image" every time you move your head. 

Full viewing brightness is maintained even during 
cine filming — brilliance more than ample for two 
to see simultaneously using beam-splitting dual con- 
sultation mirrors. 


TV system: 


Expressly created for this application by General 
Electric engineers, the Fluoricon TV system delivers 
images of radiographic quality with minimal dosage. 

The vidicon camera housed within the optical hood 
features all-transistorized, ultra-reliable circuits, pro- 
ducing an image of exceptionally high resolution. 

Operation is extremely easy: simply flip a single 
lever to switch from direct to TV viewing. In either 
control attitude, filming is carried out by electrical 
switch action, automatically shifting technic to your 
preselected cine values. And all viewing modes re- 
quire only minimal warmup times. 


Brightness control: 


The automatic brightness control continuously stabi- 
lizes performance for direct viewing, cinefluorography 
and TV. It constantly maintains preselected density 


throughout filming, despite variations in patient t 
ness or opacity . . . functions exactly like a bu 
automatic exposure meter. 


Cinefilming: 


Camera selection includes 35-mm synchror 
16-mm synchronous, and 16-mm nonsynchro 
types. Synchronous c 
ation limits radiatio 
1/250th second per ft 
sufficient to stop mo 
provides you with an 
cardio-pulmonary tool. 

The camera is mo! 
at eye level — lets you 
and unload easily with 
era in place. Eliminate 
need to climb on stool 
der or table; and simplifies installations in r 
with low ceilings. 

Automatic optical compensation: swiveling the 
does not alter upright image orientation on cin 
this allows simultaneous viewing from both sid 
the unit during consultations by use of the s 
observer viewer. Control placement also is prepl: 
for rapid easy operation. 





The Fluoricon Image Intensifier can be supplied 
or added to, most present models of General El 
x-ray tables. See your G-E x-ray representati 
full details; or write X-Ray Department, G: 
Electric Co., Milwaukee 1, Wis. 
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Why BAROLOID 


for G.I. Series or Small Bowel Study?’ 


. Excellence of mucosal coating. 


=. Resistance to precipitation — re- 
mains unaffected by bodily secre- 
tions. 
- Will! show slight dilations of the 
bowel loops. 6 


ER@ .\\/il| demonstrate dilution in those 


areas where abnormal quantities 
of fluid are present. 


. May be mixed to any density de 


sired. This is especially importan 
for those who prefer a high K. 
technic. 


. Wide availability: 10, 50, 100 an 


250 Ib. containers. 


Professional sample supply available on request 
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Mobile 7-inch Image Intensifier 
with Vidicon Television Camera 


Intraoperative X-ray television increases safety and ensures 
economy of time. Television viewing has become 
indispensable in gall-bladder, kidney and bone surgery, 

in detecting foreign bodies, in the introduction of probes, 
cannulae, and catheters or in the implantation of radioactive 
substances. 


Television fluoroscopy affords added radiation protection 
and eliminates the need for blacked-out rooms and dark 
adaptation. 

Observers are no longer confined to the operation theatre. 
The television image may be viewed simultaneously by a 
medical team for evaluation. The X-ray image can be relayed 
to remote monitor screens and shared by the head 
physician or specialist for immediate consultation. 


SIEMENS MEDICAL OF AMERICA INC., 685 Liberty Avenue, Union, N.J. 
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THE NEW, IMPROVED BARNES-HIND PVEUMOCOLON®? 


One simple procedure for complete barium-air contrast studies... 
minimizing the possibility of contamination. 

Controlled barium flow is maintained through Pneumocolon's 

positive pressure. 

Leakproof stability is assured by new cap and gasket assembly. 
Unbreakable flask is mado of virtually indestructible linear polvethvlene. 
Increased capacity, sufficent to complete any examination, is insured 
by Pneumocolon's new large (2,000 cc.) flask. 

Light, easy to handle. Compact design results in a Pneumocolon that 
measures only 8'/2” from the base of the flask to the top of the triangle. 


BARNES-HIND BARIUM PRODUCTS 
DIVISION OF BARNES-HIND PHARMACEUTICALS, INC. 
sunnyvale, California 
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For absolutely 
unsurpassed 
sharpness of 
radiopaque 
delineation, 
either in air con- 
trast orin other 
techniques, use 
BAROTRAST® 

It is a specially 
processed Barium 
Sulfate which 
mixes to a 
virtually perma- 
nent suspension. 
Environmental 
changes during 
use do not result 
in precipitation, 
peeling, cracking, 
or clumping 

of the barium. 

Its flow is steady, 
consistent, and 


columnar. Its cov- 
erage is complete. 
Its coating is thin, 
elastic, tenacious. 
An ideal aid 

lo precise 
examination. 








DIAGNOSTIC RADIOGRAPHY using RADIOISOTOPES 
is NOW PRACTICAL. Years of research have led to the 
development of suitable isotopes and unique devices 
to provide quality diagnostic systems. An isotope 
produced the radiograph duplicated on the left. 


LIGHTWEIGHT PORTABLE EXPOSURE DEVICES are 
avallable which combine exposure timing, operator 
shielding, and beam collimation in a single COMPACT 
unit. NO ELECTRICAL POWER is required. 


VISO Corporation can provide COMPLETE SYSTEMS. 
The advantages of MAXIMUM PORTABILITY and 
RUGGED DEPENDABILITY have been extended to 
film transfer and accessory equipment. A complete 
TUBERCULOSIS SURVEY SYSTEM is available for use 
In remote areas. 


REFERENCES: Krabbenhoft, K. L. and Green, F. L. Some new portable 
radioactive sources for diagnostic radiography. Am. J. Roentgenol., 
Rad. Therapy & Nuclear Med., 1962, 88, 1204-05, 1963, 90, 1123-42. 


ISOTOPE RADIOGRAPHY for clinical diagnosis is a 
major achievement . . . the beginning of 


SERVICE THROUGH RESEARCH by 


4.4 V S() a subsidi f Ex-Cell-O C ti 
ám ^ CORPO RATION 16825 Wyoming Detroit Michigan 48221 













IF TIME IS IMPORTANT TO YOU 


CONSIDER THE SPEED IN MAKING SET-UPS 
FOR FLEXRAY DEEP RADIATION THERAPY 


Counterbalanced Flexray movement saves you time and 
energy. Manual operation is not only faster, but safer, 
eliminating the danger of “coasting.” Five adjustments 
provide flexibility and save time: 1. Vertical movement— 
2. Side Travel—3. In-and-Out Travel—4. Cone and tube 
rotation—5. Movement of treatment stretcher in front of 
or in-between uprights. The compact tube head permits 
you to quickly visualize the position desired; flexibility 
and ease of movement speed your set-up, The design of 
the Flexray includes many other features to help you do 
your work faster and better, with a minimum of effort. 
The compact, light appearance does away with patient's 
fear attributed to massive equipment, 


WOULD YOU LIKE TO SEE HOW 


FLEXRAY CAN SAVE YOU TIME? 









Write for FREE FOLDER 


in your locality using a 


FLEXRAY. No Obligation. 


1932 N. BURLING STREET 


and the name of the Hospital 





SAVE TIME — Move Flexray tube hous- 
ing from extreme bottom to the top 
position, a distance of 36" in about 
five seconds! Completely counterbal- 
anced Flexray saves time by adjusting 
quickly, easily to each position. Ver- 
nier control located on both sides for 


precise adjustment. 


SAVE TIME — Move Flexray tube from 
side to side, 29" cross travel in less 
than 4 seconds. Because the Trans- 
former is not in the tube housing, Flex- 
ray weighs only a fraction of self- 
contained units — moves swiftly with 
fingertip pressure. 


SAVE TIME—15" in-and-out movement 
speeds your work. Vernier controls for 
precision adjustment. Compare the ad- 
vantages of Flexray linear motion with 
the circular motion of self-contained 
apparatus. 


SAVE TIME-— The Flexray tube hous- 
ing rotates a full 90" in either direc- 
tion from horizontal. The x-ray tube, 
in fixed alignment with treatment 
cone, rotates a full 210^ about its 
long axis. Needle bearings make 
movement easy. Retains fixed position 
automatically. 


SAVE TIME — The Flexray Gantry type 
tube stand enables you to position 
the patient between or in front of the 
uprights which are obstruction free. 
You can place the patient exactly 
where desired, thus saving valuable 


time. 


X-RAY COMPANY 


CHICAGO 14, ILLINOIS 





An important 
new source for 
premium-quality 
X-ray film 

and chemicals 


DISTRIBUTOR OF 





RADIOGRAPHIC MATERIALS 


adivision of Cenco Instruments Corporation 
1700 Irving Park Road, Chicago, lllinois 60613 


aM 


Cenco, world's largest supplier of scientific instru- 
ments for education, research, health, and industry 
has joined hands with Ferrania, giant of the European 
film industry, to bring you exceptionally high quality 
X-ray film and chemicals. Ferrania produces these 
materials; Cenco X-Ray Company distributes and 
guarantees them in the United States. 


Ferrania film is transported under controlled temper- 
ature and humidity conditions. It is stored in three 
warehouses, Atlantic coast, Middle West and Pacific 
coast, also under carefully controlled environmental 
conditions. Itis delivered to you in optimum condition. 
These excellent products are now available through a 
nationwide network of dealers at substantial savings. 


Ferrania film is one of the world's most highly re- 
garded and widely used X-ray films. For 35 years it 
has been produced to exacting standards of uniformi- 
ty and performance. Absolute consistency, minimal 
base fog, high speed, excellent resolution, wide lati- 
tude and high contrast are characteristic of each 
sheet of Ferrania film. 


Ferrania, a part of the Fiat group, is one of the world's 
largest manufacturers of photographic film. It is head- 
quartered in Milan, Italy, and has plants at Milan and 
Ferrania, Italy, and at Buenos Aires, Argentina. 


Cenco Instruments Corporation, a major supplier of 
scientific instruments and supplies to the American 
scientific community since 1889, has established a 
completely new division, Cenco X-Ray Company, to 
distribute Ferrania products in the U. S. 


The new team of Cenco and Ferrania brings you 
radiographic materials of unmatched value — quality 
of the first order with economy. Close cooperation 
between Cenco and Ferrania has resulted in X-ray 
film and chemicals that meet the most exacting needs 
of American radiologists. Your Ferrania dealer will 
be calling on you soon to tell you more. CXR-3.219 


dalsey 
Safelights 


14 different models 


to choose from... 





COMBOLITE DELUXE 
Stainless steel — only 314” deep 

Compact combination of 8 x 10” safelight and 4 x 10” 

wet-film viewer — with built-in safeguard to prevent 






accidental lighting of viewer section. No. 275-SL-S 
COMBOLITE 

Same as above, but fabricated of cold-rolled steel with 

baked-on Silvergray finish. No. 275-SL 





No. 275-SL-S MONOLITE DELUXE 


Stainless steel — only 3%” deep 


Extra-thin 8 x 10” safelight... valuable in tight quarters; p" 
can be mounted over the developing tank, yet will not be 

in the way of film hangers. No. 272-SL-S 

MONOLITE 
Same as above, but with steel housing finished in 
baked-on Silvergray. No. 272-SL 
MONOLITE JR. 
A 5 x 7" version of the Monolite. No. 279-SL 


No. 272-SL-S 





—_— m ADJUSTABLE SAFELIGHT 


Tilts to any desired angle to 
throw light right where it is 
b. needed. 
" No. 274-SL ANGL-LITE 
An economical angulated 
safelight designed to provide 
a good spread of light over 
the bench or tank. 

No. 276-SL 
Also: other combination safelight-viewer 
models; circular safelights; and 10 x 12" wall 
and ceiling hung models. 





Through your dealer 
Write for detailed literature 


HALSEY X-RAY PRODUCTS, INC. 
1425-37th Street, Brooklyn 18, N. Y. 





CHICAGO: 7321 Monticello Ave., Skokie, Illinois 


-_ — -y P cer 


. Parallax impairs the sharpness of your image 


CRONAR* polyester film base reduces parallax by bringing 


the two layers of emulsion closer together (.007" vs .008" for 


acetate base) Thus you get a sharper roent- 
genographic image to read. CRONAR can 
be made thinner because this polyester is far 
stronger and more stable than acetate. 

CRONAR base has other advantages for radiology. 
The polyester has high optical clarity. It transmits more 
light to give you a brighter picture. | 

This unique material is almost impervious to water 
and processing solutions, too. Films don't go limp in 
processing units—they transport better, with less chance 
of jamming your processor. 


e 

You'll see (and feel and hear!) 
the difference, when you snap a 
CRONAR base film up on the viewbox. 


* Du Pont's registered trademark ‘or its polyester film base 


PHOTO PRODUCTS DEPARTMENT 
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a complete 100-channel analysis 


ww 
เก ONS AUTO.'CONTROL 


PROGRAM CYCLE 
MULTI, 





automatically — in a fraction of the time 


required by a scanning spectrometer 


with the 


GAMMASCOPE" 


PULSE HEIGHT ANALYZER 
$5990 


íncluding digital printer 








The Gammascope provides extremely 
fast and accurate analysis of whole 
body counts, thyroid uptake studies 
and virtually all other medical and 
biological applications of nuclear 
radiation. Yet the price of the Gamma- 
scope, including a digital printer, is 
comparable to that of most single- 
channel scanning spectrometers. 


After initial set-up and calibration the 
Gammascope will automatically ac- 
cumulate 100 channels of data — no 
manual or electrical scanners are 
needed. The entire analysis operation 
takes a small fraction of the time that 
would be required by a single-channel 
spectrometer. 


The build-up of a radiation energy 
spectrum in the magnetic core memory 
may be observed on the built-in cath- 
ode ray tube display. After accumula- 
tion is complete, stored data is read 
out in digital form — far more accu- 
rately than an analog plot made witha 
strip chart recorder. 


The Gammascope combines both 
single and multi-channel capabilities. 
A variable "window" (restricted energy 
range) permits selection of any area of 
the spectrum, for intensification and 
study. The primary energy peak can be 
isolated for count summation by an 
auxiliary scaler. 


All the circuits including high voltage 
supply, linear amplifier, preset live 
timer, live time meter, add/subtract 
logic and static or dynamic display are 
built into the single, highly portable 
unit. This essentially replaces an entire 
rack of equipment that would make up 
a complete single-channel scanning 
spectrometer. 


Complete operating data and applica- 
tions information are available from 
local TMC offices or from Technical 
Measurement Corporation, 441 Wash- 
ington Avenue, North Haven, Connecti- 
cut. 203 239-2501. 


TME 


TECHNICAL MEASUREMENT CORPORATION 


Dependability 


In the key decisions of diagnosis, you must rely professionally on 
radiographs in which you can place full confidence. Speed that reduces 
risk of involuntary movement on the part of the subject, that sharpens 

detail; gradation that unfailingly produces a wide range of opacities with 
correct contrast; these properties are vital to consistent quality 

and to avoid wasteful rescheduling of procedures. Other important 
factors are fineness of grain and the utmost in reproducibility. All are 
characteristic of Ilford Red Seal X-ray Film, crafted in the finest British 
tradition. Fach package bearing the Ilford Red Seal label is the product 
of continuing research and highest scientific standards. Red Seal X-ray 
Film in all standard sizes and bulk pack, together with Ilford Chemicals 


and Intensifying Screens, are available through your regular dealer. 


ED SEAL STANDARD ILFEX X-RAY FILMS » CHEMICALS » INTENSIFYING SCREENS 


ILFORD INC. 


37 West 65th Street, New York, N.Y. 10023 
In Canada: W. E. Booth Co. Limited, 12 Mercer Street, Toronto 2B 
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—grid to target dis- 
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UP; then place grid 
Give MA exposure 





ver 
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ST. Louis 36, Mo. 


O 
table with Bake 


p 


f grid 
film as usual. 


weight and mesh to fit a 14 x 17 
tance 24 inches. 


or smaller size cassette. 


A—CASSETTE 
uivalent to that required for a hand 


To test a cassette for contact, place 


A Buck Cassette Contact-testing Grid 
Cassette, containing unexposed 


consists of two sheets of Bakelite, be- 
tween which is permanently mounted a 


single layer of copper screen o 


ING PROPER 


CONTACT 


ING GRID 
front side of cassette 


on top of cassette. 


film, on. x-ray 
Over center o 


size, 
and process 


| B—FILM SHOW- 
eq 


HOW MUCH HAVE YOU LUST 


due 


to lack of proper 





Do you test your cassettes for contact each time you clean your screens? 


focus tubes in order to produce the sharpest possible de 


Have you spent thousands of dollars for high 
disappointed due to lack of cassette contact? 





FILM SHOWING 


IMPROPER CONTACT 


C= 


One Grid for all sizes of Cassettes 14 x 17 and smaller 
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TEES 


FOR EFFECTIVE CLEANSING OF THE COLON 














CLYSODRAST' 


CLYSODRAST used as an enema is an effective means of cleansing 
and preparing the colon for radiologic examination. 


The effective agent in CLYSODRAST is a nonirritant which stimulates the musculature 
to contract. The Tannic Acid in CLYSODRAST has a favorable influence on the 
deposition of Barium Sulfate on the mucosa and aids in preparation of the colon. 


| 
| 
| 
| 
CLYSODRAST 4,4 (DIACETOXYDIPHENYL)-IPYRIDYL-2)-METHANE AND TANNIC ACID N.F. | 
| 
| 





Note: Cramping, weakness, nausea and fainting occur more often with this 
product than with less effective enemas. It should be emploved with caution 
where colitis is known to exist. Warning: Use with great care in patient 


where old age, debility 











cardiovascular or other diseases are present, 
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USE ANSCO HIGH SPEED X-RAY FILM 


PROCESSED IN LIQUAMAT® CHEMICALS 


Ansco High Speed Film provides radiographs 
unsurpassed for sharpness of detail, contrast 
and variation in density...the things so im- 
portant to confident diagnosis. Truly, these fine 
films give you radiographs with a difference 
you can see—clearly. 

Of course, processing is also extremely impor- 
tant to radiographie quality. And for processing 
High Speed Film in automatic roller processors, 
tests show new Liquamat excels in all important 
processing characteristics. 

Yes, you can depend on Ansco High Speed 
Film and Liquamat Chemicals to provide radio- 
graphs with a quality difference you can see. 
Contact your Ansco X-ray Representative for 
a demonstration and see for yourself. 


Ansco 


X-RAY PRODUCTS OF GENERAL ANILINE & FILM CORPORATION 


BINGHAMTON, NEW YORK 
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๑ gallbladder shadows with distinctly better contrast » greater visualization of ducts « no disturbance 
of gallbladder physiology » convenient, economical administration. Side effects, which are usually 
mild, include nausea, vomiting, diarrhea, dysuria. Contraindications are acute nephritis and 

uremia, and gastrointestinal disorders which prevent absorption of the medium. 

Dosage: From 2 to 3 Gm. (4 to 6 tablets) at night after a light supper. 

Supplied: Tablets of 500 mg., envelopes of 6 tablets, boxes of 5 and 25 envelopes; also bottles of 500. 


WINTHROP LABORATORIES » NEW YORK, N.Y. 





General Electric values are 
hard to beat when you com- 
pare rotal cost — the savings 
in time, trouble and expense 
over years of ownership. Do 
you want working flexibility 
to meet almost every situation 

. patient schedules protected 
to the greatest degree against 
breakdowns? And do you look 
for service without delays, 


when you need it? Operating 
latitude, quality and workman- 
ship are not "extras" in Gen- 
eral Electric products; they're 
benefits you can expect from 
G-E experience, performance 
standards and manufactur- 
ing integrity that inevitably 
make General Electric equip- 
ment the most economical to 
own in the long run! 


Progress /s Our Most /mportant Product 


In x-ray equipment, too: 


DELIVERY 
Is Just the 
beginning 


— there are years of 
“living with" to think of! 





Compare total cost 


eC, 
97 Time is 
(ha the true test 


of value 


Your G-E x-ray representative 
can show exactly how this 
will translate into dollars and 
cents, whenever you ask him 
to compare total cost. 


GENERAL Q ELECTRIC 


New one-factor selection 
frees technician to 
concentrate on patient 


kV is the only factor your technician is 
required to select. Once that is done, she 
presses the exposure button and the auto- 
matic system does the rest. 

Proper density is guaranteed by the 
Amplimat, the automatic ionization-type 
exposure control which measures the aver- 
ace X-rav auantum acting on the film over 


several selectable areas. To ensure positivi 
positioning, the lightbeam indicator project 
the location of the measuring areas on th 
patient. Just as in the case of the moder 
camera, automatic exposure with Amplim: 
pays off in consistent production of opt 
mum radiographs. 

Predictable contrast is guaranteed b 





Only Norelco offers this system, 
which provides flawless 
radiographs automatically 





automatic line correction and by the essen- 
tially constant voltage output characteristic 
of a 3-phase generator. 

Sharpness is increased by the ‘continu- 
ously falling tube-load principle’, which per- 
mits shortest possible exposure time with 
maximum available tube loading. Optimum 
sharpness is assured when taking advantage 


MANUFACTURED FOR NORELCO BY PHILIPS MULLER 


of the high load characteristic and small 
focal spot sizes of the Super Rotalix tube. 
Our systems engineers are available, at 
your convenience, to discuss this system. 
North American Philips Company, Inc., 
Medical Division, 100 East 42nd Street, 


New York, New York 10017. In the Chicago A A $ 
Ms A BOLNA 
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‘new concent in image intensification... 


PROVIDING EXTREMELY HIGH CONTRAST RESPONSE AND RESOLUTI 





e Interchangeable screen e Inexpensive upkeep guaranteed 
e Small light intensifier tube e Engineered to absorb new developments economit 
e Standard type Image Orthicon Tube e Electron-optical magnification and other features 
Accessory 
equipments Electrocardioscope for superimposing 100mm 
aodio E.K.G. onto the film Spot Film Camera 


or more information contact your local X-Ray supply house or: 


MEDICAL MARKETING DIVISION E pen a a 
AEROJET DELFT o) anio $73 


C OR P OR ATION 


CLulina Ariva Fneinearc Hill Plainview. L.l.. New York 11803 Odelca, P-F Cameras and Accesso; 


among other things... 
wide-ranging versatility 





Of course you want your scanner to be 
easy to use, but not at the sacrifice 

of versatility. We think you should 

have full control over all parameters 

of the recording system, the pulse 
height analyzer, the scan travel speed, 
etc. so you can command wide-ranging 
capability for exploring new techniques 
or making special scans under difficult 
conditions. 


For routine work, on the other hand, 
your technician can operate from a 
single simple chart we have prepared. 





— | Magnascanner thus gives you both the 
inel dy ea scans. versatility you want and the 
plus versatility for special scans of brain, thyroid, ease of operation you should have. 


kidneys, liver, heart, spleen, lung, pancreas, 
parathyroid, and bone. 





the versatile scanner / the proven scanner 


PICKER NUCLEAR 


DIVISION / PICKER X-RAY CORPORATION 
WHITE PLAINS, NEW YORK 
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BRANDS 
OF 
BARIUM 
ARE 
NOT 
ALIKE! 


Proven quality for over 
30 years. Now improved 
to stay in suspension 
longer, and give strik- 
ingly better coating 
characteristics. 


Available flavored and 
unflavored through your 
X-Ray Dealer. Ask for it 
by name... I-X brand 
of barium sulfate meal, 
a product of... 


DICK X-RAY COMPANY 


4000 Olive St. |» St. Louis 8, Mo. 


ARIUM 


brand of barium sulfate meal 


YEARS of integrity have helped us 
26 to become America's largest buyers of 


USED X-RAY FILM 


€ We purchase all makes and sizes from any point in the 
nation, and pay the freight cost. 


€ We remit in advance if desired, or promptly after receipt 
and tally of the value. 


® Write for prices today. We will send shipping labels, and 
direct your film to our nearest plant. 


DONALD McELROY, 


53 W. Jackson Blvd., Chicago 4, Ill. 









Yours for the asking... 


this informative, new s 
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Gevaert publication \ 


R aviotocists — and 


those who wish to keep abre 
of recent developments in i 
field — have been most com} 
mentary in their evaluation 
the contents of this new rad 
logical review. Typical of | 
editorial makeup are articles 
specialists of international 

nown dealing with radiograp 
exposure techniques, the medi 
aspect of radiology, physical a 
photographic aspects of X-1 
diagnostics, etc. An abundar 
of colorful illustrations furtl 
enhance these articles of topi 
interest. For your regular coj 
with no cost or obligation, wt 
to your nearest Low X-Ray C 
poration office. 


GEVAER 


X-RAY FILM 


Exclusive Distributors: Low X-Ray Corporat 
161 Sixth Avenue, New York 13, N.Y. 


NATIONWIDE WAREHOUSING 


S. KARGER ^ A BASEL - NEW YORK 


International Medical Journals timothy |1964| อ [Wn 





All prices per volume, postage included q quarterly Volume Vol. cation 
Acta Anatomica (Int. Archives of Anatomy, Histology, Embryology and Cy- 
tology) 56-59 18.50 
Acta Genotica et Statistica Medica 14 13.50 
Acta Haematologica (Int. Journal of Haematology) 31-32 13.50 
Acta Paychotherapeutica et Psychosomatica (Int. Journal of Psychotherapy 
and Paychosomatics) 12 13.50 
Angiologica (International Journal of Angiology} (New) 1 13.50 
Annales Paediatrici (Int. Review of Pediatrics} 202-203 13.50 
Biologia Neanatorum (Neo-Natal Studies) 6-7 13.50 
Cardiologia (Int. Archives of Cardiology) 44—45 13.50 
Chemotherapia (International Journal of experimental and clinical Thera peutics) 8-9 13.50 
Confinia Neurologica (Borderland of Neurology) 24 15.50 
Canfinia Psychiatrica (Borderland of Psychiatry) 1 9.25 
Cytogenetics 3 22.80 
Dermatologica (Int. Journal of Dermatology) 128-129 13.50 ` 
Enzymologia biologica et clinica (Int. Journal for biological and medical Enzym- E 
ology) 4 13.50 
Folia Phonistrica (Int. Journal of Phoniatrics) 16 10.30 


Folia Primatologica (int. Journal of Primatology) 
Gastroenterologla (Int. Review of Gastroenterology) 
oem (Journal of Experimental Biological and Medical Research on 


Gerontologia Clinica (Int. Journal of Gerlatrics) 
Gynaecologia (Int. Monthly Review of Obstetrics and Gynaecology) 


G e Rundschau (Auswahl aus dem internationalen Schrifttum mit 
Kommentar) (Neul) 


International Archives of Allorgy and Applied Immunology 
Medicina Experimentaiis (Int. Journal of Experimental Medicine) 
Medicina Thoracalis (Int. Review of Thoracic Diseases) 

Nephron (Journal of the International Society of Nephrology) (New) 
Nutritio et Dieta (European Review of Nutrition and Dietetics) 


Oncologia (Journal of Cancer Research, Prevention, Treatment and Sociologi- 
cal Aspect) 


Opthalmologic& (Int. Journal of Ophthalmology) 
rs da et Microbiologia (Swiss Journal of General Pathology and Bacterl- 
ology 


Pathologia Veterinaria (Int. Journal of Veterinary Pathology) (New!) 
Phonetica (Int. Journal of Phonetics) 

Practica Oto-Rhino-Laryngologica (Int. Review of Otolaryngology) 
Psychiatria et Neurologia (Int. Monthly Review of Psychiatry and Neurology) 


velo co iHiv js v ๓ yppa zu gl c ut a 








m 
Radiologis Clinica (Int. Radiological Review) 33 15.50 b : 
Urologia Internationalis 17-18 13.50 m 
Vita Humana (Int. Journal of Human Development) 7 10.30 q 
Vox Sanguinis! (Journal of Blood Transfusion and Immunohaematology) 9 16.— b 





1In North America exclusive rights by J. B. Lippincott Company, East Washington Square, Philadelphia 5, Pa. 
BASEL 11 (Switzerland) S. KARGER NEW YORE . 
Place your order either with us direct or with your local agent or with Albert J. Phiebig, P.O. 352, White Plalna, N. Y. 
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= Accurately 


5 m Clinically proven and accepted 
m Attested in over 40 scientific papers 


VOLEMETRON is the original automatic, electronic blood volume computer now used in hospitals 
throughout the world to facilitate the management of blood loss and replacement, having proved 
itself by extensive experience and thousands of patient studies. 





Now you can obtain vital, precise blood volume data in your hospital — at the bedside, in the 
laboratory, or right in the operating room: 


B Quickly ... within 15 minutes 
W Easily... VoLEMETRON itself guides the operator through the simple 3-step procedure 
B Accurately...to within 100 cc for an adult; to within 20 cc for a child 


VOLEMETRON is the recipient of national awards for excellence of design —a rugged, mobile, all- 
transistorized diagnostic instrument, built to perform dependably in daily hospital use. This 
versatile, lifetime-warranteed instrument is also used routinely for other diagnostic applications. 
For further information and literature, or to arrange a demonstration of VoLEMETRON in your 
hospital, write to: Sales Manager, Ames Atomium, Inc., 575 Middlesex Turnpike, Billerica, Mass. 
(Or telephone, collect: Area Code 617 — 663-6531.) — 


Ames Atomuumn, ime. 


B A R OT R A ST is unaffected by changes in pH: no 


(Barium Sulfate U.S.P. in specially micronized form) precipitation or clumping. Delinea- 
of the rugae of the stomach is extremely good, and the stomach wall 


)vered so that no portion is left uncoated. 


asses from the stomach to the duodenum in a smooth flow through the 
ric sphincter. The duodenal cap is completely delineated to illustrate 


sible craters or ulcerations very clearly under fluoroscopy. 
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Phis highly-processed for- 
mula was developed to 
satisfy multiple criteria for 
an ideal suspension, and 
has optimum particle size. 








b Gives a smooth, even 
coating to the stomach, 
small bowel, and colon. 

» Will not dry or “flake” 
in the colon for an 
hour or more allowing 
re-examination on 
same visit. 

» Non-foaming, stable 
formula allows excess 
suspension to be 
saved and used 
another day. 

» Will not precipitate or 
agglutinate in the 
stomach to cause 
factitious lesions. 

b Remarkable ability to 
overcome pylorospasm. 
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SPECIAL PROCEDURES 
IN ROENTGEN 
DIAGNOSIS 


by Samuel L. Beranbaum, Si. Bar- 
nabus Hospital far Chronic Dis- 
eases, New York City, and Phillip 
H. Meyers, Tulane Uni, Neus 
Orleans, La. No other single text 
on diagnostic roentgenology covers 
such a wide assortment of special 
procedures. Hundreds of techniques 
are included. —angiography, aortog- 
raphy, arthrogriphy, air contrast, 
barium enemas,  pneumoarthrog. 
raphy, cholangiography, voiding 
cystonrography, body section roent- 
genology, ventriculography, etc. The 
book is so oriented that the phy- 
sician can easily find several pro- 
cedures which will help him evalu- 
ate a particular clinical problem. 
By simply consulting the index he 
will have at his fingertips many 
new, specific, and nonconventioual 
roentgen procedures, This is a “how- 
te-do-it’ book with detailed in- 
structions from original sources fo 
enable complete execution of pro- 
cedures. (Amer. Lec. Roenigen Diag- 
nosis edited by Lewis E. Etter, Univ. 
of Pittsburgh) 
November 1963 628 pages 


CHARLES C THOMAS 


CALCIFICATIONS OF 
THE HEART 


by Jerome H. Shapiro, Harold G. 
Jacobson, end Berta M. Rubinstein, 
all af Montefiore Hospital, New 
York City; Maxwell H. Poppel, New 
York Univ, New York City; and 
john B. Schwedel, Montefiore Hos- 
pital. With a contribution on Cine- 
radiography by Joseph — Jorgens, 
Univ. of Alinnesota, Minneapolis, 
Minn. Both common and uncom- 
mon types of lesions are considered, 
and each site of heart calcification 
is presented in a separate chapter. 
Historical aspects and pertinent Ht- 
erature are reviewed. Pathology 
and clinical findings are presented 
in a precise manner. The clinical 
significance of every form of cardiac 
calcification is emphasized. Ta each 
instance roentgen findings are care- 
fully described and profusely il- 
lustrated with especially prepared 
LogEtronic reproductions. Roentgen 
techniques considered extend from 
simple roentgenography to cineradi- 
ography. 

September 1963 208 pages (7 X 10) 


$22.50 733 illustrations 
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The Chest Film 
in Massive 
Pulmonary 
Embolism 






THE CHEST FILM IN 


MASSIVE PULMONARY 


EMBOLISM 


by Daniel J. Torrance, Jr, Scripps 
Clinic and Research Foundation, La 
Jolla, Calif. This monograph brings 
into sharp relief mechanisms of an 
often fatal condition. Ji consists of 
iwenty-three case presentations. in 
which chief. emphasis is on abnor- 
mality of vessel shadows in the lung 
and as exact as possible a correla- 
tion between shadows of the vessels 
on the x-ray film and actual patho- 
logical processes underlying. Cases 
are grouped according to morpho- 
logic changes in the vascular shad- 
ows, and this grouping has resulted 
in the emergence of well-defined 
patterns which are sufficiently char- 
acteristic to warrant diagnosis with 
assurance. Phe author has exercised 
particular care in selecting Cases 
which illustrate practical aspects of 
differential diagnosis of cardiovascu- 
lar emergencies. (Amer. Lec. Roent- 
gen Diagnosis edited by Lewis E. 
Etter) 

October 1963 88 pages (848% r1) 
$6.75 76 iHiusirations 
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6 ก THE PRACTICE OF COUNTRY RADI- 
OLOGY by Donald de Forest Bauer, Klamath 
Valley Hospital, Klamath Falls, Ore. May ‘6s, m AN 


ib, $11.75. 


DISEASES OF THE ADRENAL GLANDS: 





Joseph Selman, Univ. of Texas, Dallas, Texas. 
June ’63, 384 pp.. 306 iL, $0.50. 

ATLAS OF VASCULAR RINGS AND 
RELATED MALFORMATIONS OF THE 
AORTIC ARCH SYSTEM by James R. Stew- 


ILLINOIS 


FOR 
ROENTGEN- 
OLOGISTS 


[1 


Radiologic Diagnosis with Emphasis on the 
Use of Presacral Retroperitoneal Pneumog- 
raphy by Morton A. Meyers, Presbyterian 
Hospital, New York City. July ‘63, 84 pp. 


A 


49 iL, 85.75. 

CHANGING PERSPECTIVES ON THE GEN- 
ETIC EFFECTS OF RADIATION by James 
V, Neel, Univ. of Michigan, Ann Arbor, Mich. 
March '63, 112 pp, 22 il, $5.00 

THE FUNDAMENTALS OF X-RAY AND 
RADIUM PHYSICS (3rd Ed, 3rd Ptg) by 


เ 


art and Owings W. Kincaid, both of Mayo 
Clinic, Rochester, Minn.; and Jesse E. Edwards, 
Charles T. Miller Hosp., St. Paul, Minn. Oct. 
643, 184 pp. BX 11), 261 iL, $10.75 

THE LOWER ESOPHAGEAL VESTIBULAR 
COMPLEX by Costantino Zaino, Maxwell H. 
Poppel, and Harold G. Jacobson, ali of New 
York Univ, New York City, and Harold 
Lepow, Albert Einstein College of Medicine, 
New York City. April '6s, 288 pp. 187 figs, 
$1275 
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LONG TERM FOLLOW-UP OBSERVATIONS 
IN CORPOREAL CANCER* 


JANEWAY LECTURE, 1963 


By A. N. AR! 


ST. LOUIS, 


Dedication of an annual lecture to the 
memory of Henry Harrington Janeway ts an 
honorable tradition of the American Radium 
Soctety that adds stature to the organization 
and prestige to the name it honors. I am grate- 
f ul for the distinction to serve as your speaker 
upon this occasion, but it is unlikely that I 
shall muster a tribute equalling that which has 
been paid Janeway s memory by the more 
complete remarks of my predecessors. A thesis 
appropriate for discussion should consider 
Janeway's enthusiasm for radiation treat- 
ment as well as the stated aims of the Soctety. 
[n looking back at the subject titles selected for 
earlier presentations, it is apparent that some- 
thing peculiar has happened in San Fran- 
cisco. The Soctety has twice met in this city 
since the lectureship was founded, and oddly 
enough both af those lectures dealt with the 
same subject. In 19038, Schmitz reviewed the 
Aistory of treatment tn cancer of the cervix, 
and in 1946 O Brien® similarly discussed the 
radium treatment of that disease. This pecu- 
ltarity of circumstance, perhaps overlooked by 
the Janeway Committee, gives me the fortui- 
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tous opportunity to sustain one of the lesser 
traditions of the Society by selecting a gyneco- 
logic subject for discussion this year. 

During Janeway s career the more surgi- 
cally minded cited the treatment of endome- 
trial cancer as a triumph for surgery in the 
management of malignant disease. Statistics 
were collected to show survival of 60 patients 
in every 100 submitted to hysterectomy. This 
dtd not take into account the substantial num- 
bers of patients unsuited to surgery due to 
advance of disease or to poor physical status. 
Significant. advance in radiation treatment 
came later when Heyman? developed the so- 
called Stockholm method for "packing" ra- 
dium tubes within the uterus. Clinical results 
began to rival those obtained by surgery. These 
events stimulated interest in improving the 
classification of patients into groups af more 
comparable clinical material for better assess- 
ment of therapeutic methods, and in the possi- 
bility for improving results among "operable" 
patients by combinations of radiation. and 
surgery. In this country, due largely to mem- 
bers of this Society, interest was focused upon 


* From the Department of Obstetrics and Gynecology and the Mallinckrodt Institute of Radiology, Washington University School of 


Medicine, St. Louis, Missouri, 


Presented at the Forty-fifth Annual Meeting of the American Radium Society, San Francisco, California, April 1-4, 1963. 


4 A. N. Arneson 


the use of preoperative radium, but despite a 
relatively long trial the treatment of corporeal 
cancer remains in a more or less fluid state. 
Effectiveness of the combined treatment has 
never been fully ascertained. A degree of 
resolution may be achieved by utilizing meth- 
ods of study currently i in vogue. These include 
long term observation and the use of accumu- 
lative tables for statistical assessment. 


ETIOLOGY OF CORPOREAL CANCER 


HE natural response of normal endo- 

metrium to certain physiologic stimu- 
lations is a remarkable example of con- 
trolled growth. In addition to rapid repair 
and reconstruction following cyclical shed- 
ding, there is potential for hypertrophy 
during gestation. Benign endometrium 
may also undergo spread, either by invasion 
of uterine muscle or by dispersion to more 
distant points, with the displaced implants 
cerns their 8 tar di cnc 
0 ก ร ly t | 
plasias, are Vu a to E 
more differentiated tvpes of malignancy. 
This has long suggested the presence of 
intrinsic factors in the etiology of endo- 
metrial cancer. The close association of the 
disease with other disorders identified with 
pituitary responsibility adds support to this 
concept. There is a greater incidence of 
hvpertension, obesitv, diabetes and hirsu- 
tism than can be accounted for upon the 
basis of the advanced age of most patients. 
This has prompted speculation upon the 
probability that there is a particular tv pe of 
female predestined to become a candidate 
for endometrial cancer. 

Ovarian histology has yielded various 
findings that point toward a probable inter- 
relationship between endometrial cancer 
and the endocrine organs. These include 
stromal hyperplasia and diffuse thecoma- 
tosis. A high incidence of cells resembling 
the interstitial cells of the testis has been 
noted by Sherman and Woolf! in the hilar 
regions of ovaries removed from patients 
with adenocarcinoma of the endometrium. 
They found Leydig cell hyperplasia in all 
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cases specifically submitted to study and in 
82 per cent of those reviewed after earlier 
oper ations, where representative segments 
of ovarian hilus had been included in the 
tissue sections. They also found a signifi- 
cant rise in luteinizing hormone. The au- 
thors postulate that a greater gonadotropic 
effect falls upon the abnormal Levdig cells 
as a result of menopausal loss of the follicu- 
lar apparatus with its normal feed-back 
restraint upon the pituitary. This more 
sustained action is believed to stimulate the 
Leydig cells into hormonal production 
which, in turn, has an adverse effect upon 
endometrium. This causes the pituitary to 
excrete excessive amounts of gonadotrop- 
ins. In the lack of feed-back control, there 1s 
stromal cell hyperplasia and concomitant 
carcinomatous change in the endometrium. 
The ovaries are believed to be identified 
with responsibility for the excessive excre- 
tion of luteinizing hormone. Surgical re- 
moval of these structures is followed by a 
drop in excretion not always present in 
patients treated by irradiation. 

Among extrinsic factors believed impor- 
tant in etiology is the occasional example of 
corporeal cancer following irradiation for 
benign disease of the endometrium. If radi- 
ation acts carcinogenically upon endome- 
trium, the incidence of subsequent malig- 
nant change should be broadly proportional 
to the amount of exposure. The incidence of 
corporeal cancer in such cases is not signifi- 
cantly different for the relatively high 
exposure to endometrium administered by 
intrauterine radium or the smaller amounts 
administered as external irradiation. Very 
large doses fall upon endometrium in the 
irradiation of cervical cancer. Two exam- 
ples of cor poreal cancer following treatment 
for cervical lesions are to be noted in the 
cases here reported, but in an earlier assess- 
ment dealing with cervical cancer there was 
onlv one example in approximately 400 
patients followed for periods ranging from § 
to 20 years.” Previous exposure to radia- 
tion may be à causative factor in corporeal 
cancer, but itis equally probable that “pre- 
cancerous” qualities are native to the endo- 
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metrium in many cases of benign disease. 
Abnormal bleeding in such cases is con- 
trolled bv an induced change in ovarian 
physiology. Hilar structures of the ovary 
are less susceptible to radiation injury than 
the more proliferative follicular svstem. In 
final analysis, it is probable that a disturbed 
endocrine system is responsible for the 
abnormal symptoms of benign disease as 
well as the subsequent occurrence of endo- 
metrial cancer. 

Environmental factors, such as the asso- 
ciated effects of marriage and child bearing 
identified with cervical cancer, are less 
apparent in corporeal lesions. The results of 
examination in several thousand nuns have 
been reported by Towne. The incidence of 
uterine cancer detected in those patients 
cannot be compared with the rate expected 
in the total population because age data are 
not included. It should be noted, however, 
that the incidence of corporeal cancer in one 
group is given as 6.6:1 that of the cervix, 
and in another as 11:1. Reversal of the 
usual ratio of those diseases in celebate 
women suggests a lesser association of 
endometrial cancer with some of the envi. 
ronmental factors identified with cervical 
lesions. 


PROGNOSIS IN CORPOREAL CANCER 


The strong evidence of intrinsic etiologv 
in corporeal cancer prompts speculation 
upon some form of control bv hormonal 
effects. This might act to lessen the risk of 
occurrence, or it might act to produce a 
reversal of growth with return of tumor toa 
more normal status. The obvious relation- 
ship to the endocrine organs has directed 
more than usual interest toward the weight 
of factors other than the stage of clinical 
advance on prognosis. The effect of mor- 
phologic histology on longevity has been an 
area of popular study. Mahle’ published 
such a report in 1923, and Lindsay” madea 
similar study in 1927. Healy and Cutler’ 
developed a classification of endometrial 
cancer on the basis of microscopic in terpre- 
tation. Correlation of maturation with 
favorable end results in treatment was 
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clearly shown for irradiation as well as for 
surgery. The relation of tumor differentia- 
tion to curability is more apparent in cor- 
poreal lesions than in many other human 
cancers. Size of the uterine body is also 
related to prognosis. Enlargement may be 
due to expansion by advanced growth of 
tumor, but it is more commonly caused bv 
multiparity, subinvolution, or m voma. 
Healy and Brown? found that prognosis 
varies inversely with uterine size, and that 
the more adverse effects occur in patients 
treated by irradiation alone. Poor results 
are to be expected for any method of treat- 
ment in patients with disease advanced to a 
stage of uterine enlargement by tumor. 
Explanation of adverse effects is more 
difficult for other causes of enlargement. In 
the case of radiation treatment, the prob- 
lem 1s largely one of dose distribution. An 
intrauterine tandem may necrotize adja- 
cent tissue without affecting other areas of 
tumor made inaccessible by distortion or 
extension of the intrauterine space. Inade- 
quacy of the tandem can be obviated by 
packing multiple sources within the cavity. 
Clinical results for that method are made 
almost independent of uterine size. Irregu- 
larity in the distribution of radiation does 
not apply to patients treated by surgery 
alone. The mechanics of enlargement may 
prompt dispersion in some cases, but it is 
more likely that stretching of the endome- 
trial lining offers more linear space for 
spread. Prognosis declines with increase in 
volume of tumor. 

A third factor significant in prognosis is 
tumor response to irradiation. This is not 


uterus, occurred in approximately 7 ๐ per 
cent of the exposed patients. In that group 
the § year survival exceeded 8o per cent, 
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but with evidence of "residual" cancer the 
rate was less than so per cent. The rate of 
radiation control was found to be somewhat 
greater in well differentiated lesions. Ana- 
plastic tumors may have better capability 
for recovery from the effects of exposure, or 
by invasive qualities may penetrate the 
uterine wall for a distance shielding from 
radium. The dose usually necessary for 
control was first estimated to range be- 
tween ร and to threshold doses, but it was 
later assessed to be on the order of 7,000 r. 


CLASSIFICATION OF CORPOREAL CANCER 


Some authors contend that factors such 
as uterine size, tumor morphology, and 
radiation response are too unreliably sepa- 
rated from stage of clinical advance to give 
them independent status. It should be 
noted, however, that corporeal cancer does 
not lend itself to the more anatomic classifi- 
cation devised for cervical lesions. Post- 
operative classifications have been pro- 
posed, but these are not applicable to both 
radiologic and surgical treatment alike. 
Corporeal cancer is also associated with 
constitutional disorders that affect longev- 
ity as well as the method of treatment that 
can be applied. For these several reasons 
classification has usually included factors 
identified with prognosis. In collaborating 
with Sherman for an earlier report from our 
institution, we listed in order of significance 
3 categories of prognosis: (1) small uterus— 
well differentiated tumor; (2) small uterus 
—-anaplastic tumor, large uterus—well 
differentiated tumor; and (3) large uterus— 
anaplastic tumor. 

The above classification is useful in prog- 
nosis, but it does not consider either stage 
of advance or physical condition. Those 
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factors are included in the clinical staging 
proposed by Heyman and used in the Inter- 
national Classification. of cancer of the 
uterus. It is in brief as follows: Stage r. The 
growth is confined to the uterus: (a) opera- 
tion advisable; and (b) poor operative risk. 


Stage 1. The growth has spread outside the 
uterus. 


The International Classification keeps 
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separately, for statistical purposes, those 
categories in which the cervix is involved 
by downgrowth of endometrial cancer 
(corporis et colli), as well as those in which 
it is impossible to state whether the tumor 
arose primarily in endometrium or in ovary. 
There is a final category for extensive pelvic 
disease due to an unidentified primary. 
Work is now in progress to revise the clas- 
sification upon a more anatomic basis, and 
to specify more clearly the qualifications for 
Stage o as preinvasive adenocarcinoma. 
With revision, the cases formerly classed as 
corporis et colli may be included in general 
statistics, but until there is unanimity of 
opinion it would not seem advisable to 
deviate from the currently accepted classi- 


Fed 


fication. 


CLINICAL RESULTS IN CORPOREAL CANCER 


The clinical results for all cases of cor- 
poreal cancer have been reported for our 
institution in several earlier publica- 
tions.23.4518 During the past 25 years, 
1961 and earlier, a total of 173 patients 
have been examined with a view toward 
treatment under the private care of one 
individual. This group was selected for 
studv in the belief that clinical evaluations 
in classification and in treatment have been 
more uniformly made. It should be noted, 
however, that the data to be presented are 
not necessarily indicative of the total re- 
sults for the institutions at which the pa- 
tients have been treated. At this point I 
should be remiss not to acknowledge the 
valuable assistance of Dr. Dan C. Mills in 
abstracting the case histories. 

Six of the 173 patients have been deleted 
from study because treatment was omitted 
for reasons specified in Table r. The disease 
was too far advanced for treatment In 3, 
and 2 additional patients died of cardiac 
disease during treatment. One patient 
elected to go elsewhere so that she might 
receive treatment at a location nearer her 
home. 

With tabulation of results made in the 
vear 1962, there are 123 patients treated in 
1927 and before who are subject to 5, 10 
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Tase I 
PATIENTS WITH CORPOREAL CANCER EXAMINED WITH A VIEW TOWARD TREATMENT 
Clinical | No. Refused West: Died before Too 
Stage Treated Treatment Elsewhere Treatment Advanced 
ร ล ศา oa nt . 5 PL a 0 00 z 
la | 75 74 ๐ I ๐ ๐ 
Ib | 60 58 © ๐ 27 G 
H | I4 12 ๐ ๐ o 2 
Cet C | 2. 23 ๐ © ๐ 1 
| 173 167 ว 1 2 i 


* * Cardiac deaths. 


and 15 vear survival data given in Table rr. 
The total number available for the 15 vear 
report is small. For that time interval, the 
actual number of surviving patients is 
substituted for percentage values in each of 
the different clinical stages. It should be 
noted that none of the Stage 1 patients 
was found free of disease at even the ; 
year period of observation. The fall-off in 


survival is less for Stage ra than in any of 


the other groups, and the most rapid rate is 
found in Stage 1b. Those patients are sup- 
posedly in similar stages of advance. The 
discrepancy in survival must be assigned to 
differences in prognosis, differences in 
treatment, or to differences in longevitv 
due to age and other associated factors. In 
that connection it is interesting to note 
that, despite a lesser survival rate at sg 
vears, the subsequent fall-off in corporis et 
colli cases progresses less rapidly than in 
Stage Ib cases. 
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There is weakness in the use of relative 
recovery rates for some areas of statistical 
assessment. The relative values represent 
only the percentage of cancer patients 
followed in a particular series who are found 
free of disease at a specified period of obser- 
vation, and with longevity adequate for the 
time interval in question. End results meas- 
ured by that method will vary in accord- 
ance with differences in treatment, in prog- 
nosis, in general physical condition of the 
patients, and in the completeness of the 
follow-up procedures. None of these factors 

can be individually tested by comparing 
the relative survival rates in different series 
of patients. An example of variables in age 
distribution, death by cancer or other inter- 
vening causes, and loss to follow-up can be 
seen in the scattergram shown in Figure 1. 
The data are for the 5 year values recorded 
in Table u. Three observations can 
be made. Patients alive and well at 5 
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RELATIVE CURE RATES FOR DIFFERENT STAGES 
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| Five Years | Ten Years | Fifteen Years 
Clinical — | —————————— ———- ๒ 7 8 ฝี 1++ 

Stage — | No. Per Cent | No. Per Cent No. Per Cent 
| Treated Survival | Treated Survival | Treated Survival 

Ta | gi 86.3 | 31 80.6 | 6 (4)* 

Ib 44 sg. 1 | 23 35.0 | 6 (1)* 

H | 12 | 6 ๐ | (o)* 

C et C | 16 ee | 9 2252 2 $35 
M REA 5 —— * 11 
| 123 61.0 | 69 $0.7 | 17 JIES 


* Substitution of patient numbers for percentages is shown (.— ). 
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years’ follow-up tend to fall in age groups 
of $5 years and younger. Death from inter- 
current causes tends to occur in older pa- 
tients. Lastly, the distribution of deaths 
due to cancer is more or less uniform 
throughout all age groups. If a line of sepa- 
ration 1s made between ages 55 to 60 years, 
a numerical count of living patients shows 
42 in the younger group and 33 in the older. 
A count of deaths due to intercurrent 
causes, including the single case lost to 
follow-up, shows the division to be 2:12. 
The distribution ratio of death due to can- 
cer is 16:18. The total group is rather 
evenly divided with 60 younger patients 
and 63 older. 

The scattergram shows other data of 
interest. The clinically operable cases tend 
to fall into younger age groups. This is not 
an unexpected finding because factors re- 
sponsible for a technically operable status 
are identified with more advanced age. All 
Stage I cases, both a and b, are relatively 
early lesions. The disease may have onset at 
any age, with the highest incidence falling 
in the postmenopausal period near age 55 to 
6o. There is, however, no evidence of age 
selectivity, in this series, for Stage 11 and 
corporis et colli patients. The recognition of 
advanced cancer at the time of clinical 
classification 1s evidence of delay in diag- 
nosis. [he various causes of delay are not 
identified with any particular age group. 
The lack of age specificity in the corporis et 
colli group, on the other hand, suggests the 
random distribution of a particular quality 
of tumor. It is apparent that these cases 
have a high rate of mortality. It may be 
presumed that cervical invasion is evidence 
of growth potential greater than that ap- 
plying to other cases of endometrial cancer. 

There is, finally, one additional point to 
be noted in reference to Stages 1a and ıb. 
There are 6 deaths due to cancer in the 51 
patients classed as clinically operable. 
There are 7 such deaths in the 44 patients 
classed Stage 1b. These data represent the 
relative 5 year failure values in the two 
groups. The close agreement in numbers 
dead from cancer suggests equally effective 
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treatment. This is not apparent in the 
accumulative survival data. 


ACCUMULATIVE SURVIVAL DATA 


The 5 year datashown by thescattergram 
in Figure 1 can be broken down into annual 
results for each successive year of follow-up 
by the use of accumulative survival tables. 
The procedure for constructing such tables 
is described in an earlier publication dealing 
with cervical cancer.’ Special areas of inter- 
est, such as age distribution, can be investi- 
gated by developing separate data for each 
category. The results for each year of fol- 
low-up, or such other units of time as may 
be selected, are determined in accordance 
with the number of patients at risk. Pa- 
tients at risk are those known to be alive 
and well for periods at least equal to the 
time period in question. The events re- 
corded for each year show the number of 
patients alive and clinically free of cancer, 
those alive with or dead by cancer, those 
dead from intercurrent conditions, and the 
patients lost to follow-up observation. For 
the first year of post-treatment study, these 
various categories are taken as percentages 
of the total number at risk. Similar calcula- 
tions are determined for each successive 
year in accordance with the decreasing 
numbers at risk, but the accumulative 
values are taken as percentages of the 
results in the immediate preceding year. As 
a consequence, the events in any particular 
year weigh upon the results for all subse- 
quent time intervals. This method of study 
has the effect of considering all patients as 
if treated on the same date. That is not by 
itself important but it makes possible an 
increase in size of the sample, a means to 
detect any changing trend in clinical results 
due to the addition of recently treated 
patients, and an assessment of the rate of 
death due to the disease as well as to other 
intercurrent causes. 

Accumulative survival tables have been 
prepared for 15 years' follow-up in all 167 
patients treated in the year 1961 and be- 
fore. The data are given in Table nx. The 
accumulative per cent survival declines in 
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ACCUMULATIVE SURVIVAL DATA FOR ALL STAGES 





| | | Aliveor | Dead of | Los | | 
| | | Dead with | Intercurrent | Foll m | Pare | Accumu- 
Years at | Patients | Patients | Cancer. | Disease | 9 9W- "Pj ks | lative 
Risk | Treated | at Risk.|| — —— —— — jM pos E Pas Survival 
| | ix, Pe | ง, Per |x Per | Well |` Rate 
| | Bo Cent | 2 Cent | "e. Cent | 
| | | co NOS wo ro 
On| | KA 167 29 17.0 4 aa | I 0,6 | 135 | 89.0 
1-2 154 132 | 36 21.6 | O eG q^ odo omi. d ๆ ๆ ห 72.8 
23 148 | 105 | 397 09.2 | 12 7,8 | 1 0.6 | 98 67.9 
Td 132 | 84 | AO B4c6 A: Te 9 4 0.5 33 | TG 
4-5 | 25 m | 40 24.6 | 14 9.6 | 1 0.6 | ES 65.3 
5-6 113 | 68 | 42. 26.5 | 18 13.5 L T 99. 62 $9.4 
6-7 pe d 3 1 ฝุ 103 $7.3 
7-8 93 47 | 4i 295 | 2 15.7 | i 3x5 | 46 56.1 
8-9 | 83 | ๓ ๆ | 43 27.6 | 21 17.0 | 2 1.9 | 41 83.5 
9-10 | we 1 | 2 1.9 38 $33 
10-11 | 6I | 30 | 43 27.6 | 2 จ Og 1 2 1.9 | 28 49.7 
11—12 51 | 23 | 43 27.6 | 23 20.8 | 3 4d | 21 "ก os 
12-13 | 39 | I2. | 43 27.6 | 23 20.8 | 3 4.1 | 12 47.8 
I3-I4 | xs | 9 | 43 39.5 b 2357 326.3 i 3 4.1 | 8 42359 
14-15 17 ก . X43. 37.6 | ว 2025 1 * AW. d 6 42.2 
Plus 14 ป. | | | | 


accordance with the effect of successive 
events, but, due to decreasing numbers at 
risk, the proportional valuesrepresentingan 
individual patient increase with extension 
of follow-up time. The accumulative tables 
show greater survival at 5, 10 and 14 years 
observation than the relative recovery 
rates. This is due to more favorable early 
results among the patients not yet observed 
for § vears but added to the total sample. 

Accumulative tables for the different 
clinical stages of corporeal cancer are shown 
in Tables 1v, v and vr. The tables for Stage 
ta and rb show a significant difference in 
survival that is readily explained in the 
accumulative “deaths” for each group. The 
loss to follow-up is relatively unimportant. 
There is, however, a marked difference in 
deaths due to intercurrent conditions. In 
Stage 1b, the accumulative loss at $ vears 
observation is 21.6 per cent, with an in- 


quent years. The younger patients common 
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to the clinically operable group grow older 
with extension of the follow-up period. As 
they attain more advanced age, the attri- 
tion by intercurrent disease begins to in- 
crease. Stage 1b also shows a significantly 
higher death rate due to cancer. The ac- 
cumulative value at 5 years is 17.7 per cent 
with a maximum of 22.8 per cent reached 2 
years later. The maximum for Stage 1a is 
attained in the fourth year and is only 8.5 
per cent. This difference is not apparent in 
the 5 year relative recovery rates taken 
from Figure 1. It is not entirely explained 
by the 2 cancer deaths and 1 patient cur- 
rently alive with cancer among the 14 re- 
cently treated patients added to the accu- 
mulative table for Stage 1b. Of equal impor- 
tance is the fact that cancer "death" has 
not occurred in any of the 23 patients added 
to Stage 1a. The accumulative data indicate 
that treatment is either less effective in 
Stage 1b, or that cases classed in that stage 
include cancers with a less favorable prog- 
nosis. 

Accumulative tables for patients classed 
as Stage It, and as corporis et colli are shown 
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TABLE IV 
ACCUMULATIVE SURVIVAL DATA FOR CORPOREAL CANCER CLASSED STAGE 12 











Alive or Dead of 
Dead with | Intercurrent | , Lest to i Accumu- 
Years at Patients | Patients Cancer Disease Follow-Up} P ACRIS lative 
Risk Treated | at Risk Alive and | survival 
No Per No Per Well Rate 
` Cent Cent 
0-1 74 74 4 5.4 ๐ ๐ 7 ๐ 94.6 
1-2 68 64 d. Chu ๐ ๐ 64 94.6 
2—3 65 61 5 7.0 1 1.5 ๐ 59 91.5 
374 55 49 6 8.5 1 I.$ ๐ 48 9 ๐ . ๐ 
4-75 51 44 6 8.5 I 1,5 O 44 90.0 
$—6 45 39 6 8.5 2 yug ๐ 38 87.7 
6—7 42 35 6 8.5 2 3.8 ๐ 35 87.7 
7-8 37 3I 6 8.4 2. 3.8 ๐ 31 87.7 
8—9 34 29 6 8.5 2 3.8 I 3.0 28 84.7 
9-1 ๐ 31 25 6 8.5 2 3.8 1 3.0 25 84.7 
10-11 26 22 6 8.5 3 7.5 I 3.0 21 81.0 
II-I2 22 17 6 8.5 s" PE 4 7.4 16 36.6 
12-13 I4 IO 6 8.5 3 "5 2. mod IO 36.6 
13-14 1 ๐ 7 6 8.5 4 18,1 ร ud 6 66.0 
14-15 6 4 6 8.5 4 8.1 a? Fen 4 66.0 
Plus 5 


in Table vr. All of those in Stage m died 
from cancer within 2 years observation, or 
showed evidence of persistence from which 
they did not recover. Death due to cancer is 
also high in the corporis et colli group. The 
rate for the first year is 26.1 per cent, but 
due to the lesser effect of intercurrent dis- 
ease the fall-off in accumulative survival 
after 5 years is less rapid than in Stage 1b. 
All of these factors were noted in the discus- 
sion of data shown in Figure 1. 


CLINICAL 
STAGE 
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Fig. 1. Scattergram showing survival, and death due 
to cancer or to intercurrent causes, at 5 years’ ob- 
servation for the different clinical stages of 
corporeal cancer. 


THE RATE OF CANCER DEATHS 


The tabulated data can be transposed 
into graphic form to show in follow-up time 
the proportional effects of accumulative 
"deaths" on survival. A graph for all stages 
of corporeal cancer including the corporis 
et colli group is shown in Figure 2. The 
shaded area contracting with time is the 
accumulative survival rate. The other 
shaded areas expanding with time represent 
the losses in patients due to deaths by can- 
cer, deaths from intercurrent causes, and 
attrition in numbers incurred by loss to 
follow-up observation. A similar graph has 
been published for the 4 clinical stages of 
cervical cancer.’ This differs from corporeal 
cancer chiefly in the area of death from 
intercurrent causes which expands far less 
rapidly. It is interesting to note that the 
accumulative survival rates in the two 
series of patients are found to be almost 
identical. The curve for cervical disease is 
superimposed upon the graph shown in 
Figure 2. The deviation after the tenth year 
is due to an unfortunate loss to follow-up in 
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TABLE V 


ACCUMULATIVE SURVIVAL 
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DATA FOR CORPOREAL CANCER CLASSED STAGE 1b 
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the cervical cases after that period of 
observation. The shaded areas representing 
death by cancer expand rapidlv in both 
diagrams. The maximal expansion is 
reached in the seventh vear of observation 
in corporeal cancer, but not until the elev- 
enth year in the case of cervical cancer. No 
examples of later recurrence are known to 
have developed in either the endometrial 
cases here reported nor in the cervical cases 
studied earlier. Furthermore, the greatest 
longevity with residual disease is found to 
be 8 years after primary treatment in cor- 
poreal cancer and 11 vears in cervical le- 
sions. It should be noted, however, that 
examples of later recurrence and of greater 


Vic. 2. Graphic presentation of accumulative sur- 
vival data for all cases of corporeal cancer. A 
similarly. determined survival curve for cervical 
cancer is shown upon the chart. 


longevity with residual disease have been 
reported for both types of cancer. The 
apparent tendency for recurrence and 
cancer death to occur earlier in the fol. 
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TABLE VI 
ACCUMULATIVE SURVIVAL DATA FOR CORPOREAL CANCER CLASSED AS STAGE II, AND AS CORPORIS ET COLLI 


atta 








Alive or 


Dead of 


Dead with | Intercurrent | ©st to , Accumu- 
Years at Patients | Patients Cancer Disease Follow-Up| P Auen lative 
Risk Treated | at Risk ------| Alive and Survival 
No Per No Per E Per Well Rate 
' Cent ` Cent ' Cent 
Stage II 
๐ -1 © 12 12 II 90.0 ๐ o I 9.1 
1-2 12 I I2 100.0 ๐ o ๐ ๐ 
2-3 12 ๐ ๐ o ๐ ๐ o 
Corporis et Colli 
๐ -1 25 23 6 26.1 2 8.7 ๐ ว 15 65.2 
1-2 22 I4 IO 44.7 25 จะ ๐ IO 46.6 
2-3 21 9 I2 55.1 2. "5.9 ๐ F 36.2 
3-4 18 5 I2 55.I 2 87 ๐ 5 36.2 
4-5 16 5 12 §5.1 2. 5:9 ว 5 36.2 
5-6 15 5 13 62.3 2 358.7 ๐ 4 29.0 
6-7 15 4 13 62.3 2 8.9 0 4 29.0 
7-8 14 4 13 62.3 2 8.7 ๐ 4 29.0 
8-9 I2 3 13 62.3 2 8.7 ๐ 3 29.0 
9-10 9 2 13. 59.3 2- 4 ๐ 2 29.0 
1 ๐ -11 8 1 I3 62.3 2 8.7 O I 29.0 
II-I2 6 1 13 62.3 2 9507 ๐ I 29.0 
I2-13 5 I 13° 52.3 2 @8.7 o I 29.0 
13-14 4 1 15- 02.3 2 3B ๐ I 29.0 
I4-15 2 1 13 62.3 2 34 ว I 29.0 
Plus 2 


low-up of endometrial lesions may explain 
an observation noted in the Annual Report 
on the Results of Treatment in Carcinoma 
of the Uterus for data collated in 1961.'° In 
testing the stability of recovery after 5 
years’ observation, the Editors found a 
lesser risk of recurrence in carcinoma of the 
corpus. This is also apparent after correc- 
tion for deaths due to intercurrent disease. 
There is, of course, a much higher rate of 
death from that cause in endometrial cases, 
but the Editors find, "the corrected sur- 
vival rates prove to be almost perfectly 
exponential, their logarithms being straight 
lines." A greater survival rate 1s reported 
for corporeal cancer but the rates appear 
essentially equal if, as has been done in the 
accumulative data reported here, there is 


no correction for intercurrent deaths and 
corporis et colli patients are included. 

The rate of cancer deaths is important in 
any statistical attempt aimed at testing the 
effectiveness of treatment. This is particu- 
larly important for disease in patients 
showing a high rate of attrition from other 
causes. Relative recovery rates have weak- 
ness in this area. In developing the accumu- 
lative tables for this report, patients have 
been removed from the "alive and well" 
category upon the detection of recurrence, 
but transference to the "alive or dead with 
cancer” category may not coincide with the 
actual year of death. Both time intervals are 
important. Since data in the accumulative 
tables really represent the rate of detection 
of recurrence, the values for early observa- 
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tions are higher than the actual rate of 
death. When plotted on curves as shown in 
Figure 3, the points are found irregularly 
distributed along sharplv rising lines that 
become parallel after the seventh vear. The 
percentage of treatment failure is greatest 
in Stage t1. The failures in Stages ta and 1b 
are fewer than in the corporis et colli group, 
but the incidence for technically operable 
patients is more than double that for those 
in whom hysterectomy can be performed. A 
difference can also be noted in each stage 
for the time interval after treatment neces- 
sary for detection of the full recurrence 
rate. In Stage m the interval is between 1 
and 2 years. In Stage 1a it is 2 to 3 vears. 
The interval for the corporis et colli group 
is 3 to 4 years, but in Stage 1b it is 6 to 7 
years. 

Patients currently alive with active 
disease present a problem in plotting curves 
to show the actual rate of death by cancer. 
All of the Stage 11 cases were dead at the 
time of final assessment in 1962, but 2 
patients in other stages were alive with 
persistent cancer. One, classed corporis et 
coll, was treated in 1959. The other pa- 
tient, treated in 1961, is in Stage 1b. For 
convenience, these are counted as dead at 3 
and 1 vears after treatment and included 
with the actual number of patients dving in 
successive years of follow-up as shown in 
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NUMBER OF DEATHS DUE TO CANCER ACCORDING 
TO CLINICAL STAGE 


Years | Clinical Stage 
at ! ก น ล ร อ อ cu usce pud a ด ร้ ไ ้ ้ 3 ้ 00 x 
Risk | da Ib I] Cet C 
O-1 | 1 2 6 2 
i72 | 2 3 3 4 
2-3 | ๐ 2 2 3 
374 | 1 2 l I 
4-75 7. ๐ ๐ ๐ 2 
5~6 | $ ว o i 
Oey 4 o E ๐ o 
foo d ๐ I © ง 
i 

Total 6 12 12 13 
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Fic. 5. Accumulative rates of death due to 
cancer in the different clinical stages. 


Table vu. Due to the small number of 
patients in each categorv, there are fol. 
low-up years in which cancer death did not 
occur, but it is apparent that a graph show- 
ing the percentage rate of death would 
follow a sigmoid curve. This is shown in 
Figure 4, but, due to overlapping points for 
Stages 1a, 1b and corporis et colli, a single 
composite curve is drawn for those clinical 
groups. The various points are in good 
agreement for the first 2 vears of follow-up, 
but there is considerable divergence after 
that time interval. Fifty per cent of all 
cancer deaths occur within a period slightly 
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Fic. 4. Accumulative per cent death due to cancer at 
different periods of observation in the diferent 
clinical stages. A single composite curve is shown 
for Stages 1a, 1b, and corporis et colli cases. 
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greater than 2 years’ observation. In Stage 
11 that increment is attained at 1 year. 
Despite this difference in rate of death, the 
curves are believed to be only a function of 
stage of clinical advance. Data on this 
small number of cases do not show a sig- 
nificant difference in the rates of dying as 
indicated by the slopes of probit lines. In 
other words the rates of dying after treat- 
ment may be essentially the same. It is 
more likely that differences 1n specific 
mortalities can be attributed to the tempo- 
ral relationship of treatment to onset of the 
disease. These data confirm that the divi- 
sion of corporeal cancer into 2 stages of 
clinical advance is broadly made by the 
International Classification. The corporis 
et colli group appears to correlate more 
closely with Stage 1, but it is surprising that 
the high incidence of treatment failure 
among these patients fails to show a more 
rapid rate of cancer death. This is an obser- 
vation that should be studied for confirma- 
tion in a larger series of patients. Specific 
conclusions cannot be developed here, but a 
random distribution of unrecognized causes 
of treatment failure may be responsible for 
the relatively uniform rates of cancer death. 
In reviewing the clinical records for de- 
ceased patients in this series, corporeal 
cancer is found to cause death chiefly by 
intra-abdominal disease. Patients classed 
Stage 1a and corporis et colli show a tend- 
ency toward a somewhat greater incidence 
of distant dispersion. This might be ex- 
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pected in clinically operable patients. Elim- 
ination of pelvic disease by hysterectomy 
results in treatment failure only when 
spread has preceded surgery. Greater capa- 
bility for dispersion may be native to endo- 
metrial tumors invading the cervix. Pa- 
tients who proved treatment failures in 
these 2 stages died somewhat more 
promptly than those who were failures in 
Stage 1b. It is also possible that tumor 
morphology, size of the uterus, and histo- 
logic response to irradiation may not only 
affect curability, but may also be factors 
tending to obliterate differences in the rate 
of dying by their random distribution in the 
different clinical stages. 


END RESULTS ACCORDING TO 
TUMOR MORPHOLOGY 


Adenocarcinomas of endometrium can, 
with the exception of adenoacanthomas, be 
divided into 4 different grades of histologic 
differentiation.® The highest forms of di ffer- 
entiation are represented in the adult char- 
acteristics of the adenoma malignum, Type 
1 and u. Moderate undifferentiation is 
found in the adenocarcinoma, Type ii. The 
more undifferentiated, Type tv, lesions are 
anaplastic. Pure forms are rare. In the mix- 
tures that occur, there is usually one type 
that tends to predominate. In Table viu 
the prevailing form has been used to clas- 
sify patients into 3 stages of histologic 
differentiation. Survival figures are taken 
from accumulative data tables for Stages 
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1a and tb, and for the corporis et colli group. 

There are 91 lesions interpreted as show- 
ing a high degree of differentiation. Only 6 
deaths are recorded in that group. One 
occurred among the 48 patients staged 1a, 1 
among the 33 staged 1b, and 4 among the 10 
classed in the corporis et colli group. A 
higher incidence of treatment failure is 
found among the undifferentiated lesions. 
There are 13 deaths recorded for the 43 
patients showing moderately undifferenti- 
ated lesions, and 11 deaths recorded for the 
17 patients showing anaplastic lesions. 
These data are in accordance with those 
given in earlier reports. The well differenti- 
ated lesion responds with favorable cura- 
bility for treatment by surgery alone, bv 


irradiation alone, or by a combination of 


both methods. It is, however, of interest to 
note the differences in incidence of treat- 
ment failure for undifferentiated lesions in 
the various clinical stages. In Stage 1a there 
are only § deaths among the 23 patients 
showing various degrees of undifferentia- 
tion. In Stage 1b there are 11 deaths for the 
2§ patients showing similar types of lesions. 
The fact that hysterectomy was employed 
with or without preoperative irradiation in 
practically all of the Stage 1a patients sug- 
gests that the addition of surgerv may be 
important in the management of undiffer- 
entiated forms. This can only be assumed, 
however, because proof of an otherwise 
comparable material is lacking. 

There are, in summary, two points in 
reference to the data given A Table vin. It 
should first be noted that 8 ๐ per cent of all 
cancer deaths are found among the patients 


presenting poorly differentiated lesions. Of 


equal importance is the fact that the inci- 
dence of treatment failure is proportional to 
the distribution of those histologic tvpes. 
Evidence of poor differentiation is found in 
31 per cent of the patients classed Stage Ta, 
in 43 per cent of those staged 1b, and in 52 
per cent of the corporis et colli group. It is 
apparent that treatment failure is related 
to tumor morphologv, but longevitv with 
persistent cancer is related to stage of tu- 
mor advance. 
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The adverse effects of uterine size upon 
prognosis have been studied in conjunction 
with the effect of tumor morphology. This 
is not believed significant in this series of 
cases for two reasons. In the first place, the 
incidence of uterine enlargement is about 
equally distributed among all categories of 
classification. The over-all incidence is 
approximately 10 per cent. In the second 
place, the effect of uterine size upon prog- 
nosis 1s believed nullified by use of the 
“packing” technique of radium treatment. 
That method, with or without surgery, was 
emploved for all patients showing any 
clinical degree of enlargement. 


END RESULTS ACCORDING TO 
RADIATION RESPONSE 


The radiation response of tumors can be 
histologically determined by examining 
uteri removed after the application of pre- 
operative radium. Degenerative changes 
resulting in total disruption of all cellular 
elements of the tumor present reasonable 
evidence of radiation “control” of the local 
area. Identifiable cancer cells, or the detec- 
tion of severely injured cancer cells, have 
been taken as evidence of "residual" di- 
sease. Hysterectomy has been employed 
only in Stage 1a patients, but 19 of the 74 in 
that stage have been treated by surgery 
alone, and in 4 hysterectomy was not per- 
formed after the initial application of radia- 
tion. Among the $1 patients submitted to 
the "combined" procedure, there were 38 
examples of “control” and 13 examples of 
“residual” disease. These data are given in 
Table 1x with separation of the £1 lesions 
into different grades of differentiation. In 
this table all of the 74 patients in Stage 1a 
can be accounted for under treatment by 
the combined procedure or by surgerv alone 
except 4 in the well differentiated group 
managed bv irradiation alone. Failure to 
gain "control" by preoperative radium is 
significantly higher among the undifferen- 
tiated types of tumor. 

The effect of radiation "control" on 
curability is tested in Table x by the use of 
5 year recovery rates. Through 1957, and 
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Tase IX 


INCIDENCE OF RESIDUAL CANCER ACCORDING TO HISTOLOGY IN STAGE 


Ta CASES 


RECEIVING COMBINED TREATMENT 


Histology | No. of Patients | “ei Cancer | Hy sterectomy Only 
Adenoacanthoma : | ๐ 2 
Well Differentiated | ce. | 4 12 
Moderate Undifferentiation | 14 | 7 3 
Anaplastic | 4 | 2 | 2 
— ———— +1 ธ 1 ฟ็ 5 ๐ 9 ๐ 80 ฮ 039 ื ็ ส้ ไฝ ไ eA UR Re ite EO | kn eee idle Ree eee i 
Total i 61 | t3 | ig 


earlier vears, there were in Stagera total of 
34 patients submitted to the combined 
procedure, 13 treated bv surgery alone, and 
4 managed by irradiation alone. Surgery 
was omitted in the latter group of 4 patients 
for specific reasons. One refused operation, 
and in another hvsterectomy was omitted 
due to thrombophlebitis that followed 
radium treatment. In the 2 remaining 
patients, surgery was first delaved due to 
untoward radiation reactions, and then 
finally omitted. All of these 4 patients pre- 
sented well differentiated lesions. In 3 there 
'as sighificant enlargement of the uterus. 
These are alive and well for periods of 13, 
16, and 20 vears following treatment. The 
single cancer death occurred in a patient 
with a uterus of normal size. There is, there- 
fore, a § vear survival of 3 out of 4 patients. 
Among the 15 patients treated bv hvsterec- 
tomy alone, there is a 4 year survival of 11, 
or 84.6 per cent. The 34 patients submitted 


TABLE X 


RELATIVE FIVE YEAR SURVIVAL ACCORDING TO 
METHOD OF TREATMENT IN CLINICAL STAGE Ta 


| No, of | Alive and | | ม่ 
Treatment | Patients | Well | | Per Cent 
Combined | i | 
"Control" | 2h | 24 | 9249 
“Residual” | 8 i 6 » S5 
| M | 30 | 88.2 
Surgery | | | 
Alone | 13 5: E | 84.6 
Irradiation | | | 
Alone | 4 ๊ า E l. men 
| 51 | 4 | 863 


to the combined treatment show a differ- 
ence in survival in accordance with "con- 
trol" or "residual" tumor effects following 
preoperative radium. Only 2 deaths have 
occurred at the 5 vear period of observation 
among the 26 patients with "control." One 
patient died from intercurrent causes, and 
the other presented a moderately unditter- 
entiated lesion. Of the 8 with "residual" 
tumor, there are 6 survivors at § years’ 
observation. Both of the patients dving 
from cancer presented anaplastic lesions. 
These data do not show a significant 
difference in survival for different methods 
of treatment. Neither have the earlier 
reports from our institution shown a valid 
difference in the end results for surgery 
alone versus the combined procedure. The 
well differentiated lesions have always 
shown the highest survival rate, with the 
patients alive and well at 5 vears’ observa- 
tion, including 10 per cent to 15 per cent of 
those with "residual" tumor. Patients with 
lesions of poor differentiation have shown 
survival rates of approximately so per cent, 
with almost half of those presenting evi- 
dence of "residual" cancer in the removed 
specimens. The key to the importance of 
the combined procedure i is found เท earlier 
experience. Anaplastic lesions treated by 
surgery alone show a recovery rate of about 
1 in every 3 patients. Following the com- 
bined procedure the rate is approximately 2 
of every 3 patients, with an incidence of 
“control” on the order of 5o per cent. The 5 
vear survival among all patients with "con- 
trol" has averaged about 9o per cent for all 
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Tase XI 


ACCUMULATIVE SURVIVAL DATA FOR STAGE Ii TREATED BY SURGERY OR 
COMBINATION OF RADIUM AND HYSTERECTOMY 


"C——^L—————————M— UPPER A AN AOMA AANAND ATAN ENAA NAA MAYS NAANA AAN AAAA ADENAN BAMBAATAA ASIS A 


—————— ———————————————————————————————————M p 


—A—————————————————————————————"———————————»———————— ——G 


i ‘ i ; x i z A , " 
; Pat | Alive or | Dead of | bone Patients | Accumulative 
| ante AaAfienf& jos: : i .Ost to “ I4 i QNM 
0 | 0 i | Dead with | Intercurrent E llou Up Alive and | Survival 
ip or E 1 : | Follow-Up V R: 
0 | FEES 5 | Cancer | Disease | t } Well Rate 
Surgery Alone 
MM ————— ————Á sate i UTR ERU LHP 
OI 19 | I9 | 2 | o | © 17 89.4 
1-2 18 | 16 2 ว | o 16 89 4 
2-3 17 | rs 2 | o | o is 89.4 
374 14 | I2 2 | ๐ © 12 99.4 
4-5 | 13 | 1I | 2 o o 11 | 89.4 
5-6 10 | 9 | 2 | ๐ | o 9 89.4 
6-7 | 8 | 7 8 | ๐ | ๐ 7 89 A 
Ju 3 8 | 7 2 | ๐ | e 7 89.4 
8-9 7 7 | 6 | 2 o | O 6 | 89.4 
g-10 | 6 | 5 | 2 | ๐ ว g 89.4 
Plus | D | | | | 
' E ung Me t PRIN a a ER z 
Combined Treatment 
MM MM น ล อ อ ON CE iem ---- 
oI | 51 | 5I | 2 | o | o | 49 | 96.0 
-2 | 46 | 4. 2 | o | 4. 96. 
[9 | 40 44 2 | O ว | 44 | 96.0 
2-3 | 44 | 42 | 2 | | ๐ | 41 93.6 
4 | 3 | de D 3 1 | = 33 9 ๐ .6 
i | . 7 
4-5 | 34 | 30 | 3 | i | ๐ 3 ๐ 99.0 
5 ๐ 0 | 31 | 25 | 3 | 2 © 26 87.6 
6—7 | 30 | 2$ 3 | 2 | ว 2 | 87.6 
7-8 | 25 21 3 | 2 | ๐ 21 | — 87.6 
8-9 | 23 | 20 i 5 | 2 I | 19 | 0309 
Galo 21 | 17 | 3 | 2 i 17 | 63.2 
Plus 16 | | 
RES NE S ss pe om us : l 


histologic types. It is, therefore, apparent 
that cure rates are improved with “control” 
of tumor by preoperative irradiation. An 
irradiation technique that will increase the 
incidence of “control? will advance the 
recovery of patients. A greater tumor effect 
is expected for preoperative radium than 
for external irradiation, but lethal tumor 
doses cannot be attained in all patients 
without increase in the incidence of seque- 
lae due to the combined trauma of both 
irradiation and surgery. 


END RESULTS ACCORDING TO TREATMENT 
ACCUMULATIVE DATA 
The 5 year data given in Table x show a 
survival rate of 88 per cent for the com- 
bined treatment and approximately 85 per 
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cent for management by surgery alone. For 
the numbers of patients in question, this is 
not a difference of statistical significance. 
An attempt is made in Table x1 to utilize 
accumulative data in comparing the two 
methods of treatment. This method also 
fails to show a significant difference in 
results. When tested for contidence levels, 
the probability for the results shown is on 
the order of 5 out of ro chances. 

There are, however, certain differences in 
prognosis that should be noted for the two 
methods of treatment. One of these applies 
to size of the uterus. All of the patients 
treated by surgery alone presented uteri of 
normal size. There are 7 examples of uterine 
enlargement among the 51 submitted to the 
combined procedure. A second difference 





18 ALN 


Tape XII 


MAJOR COMPLICATIONS FOLLOWING TREATMENT OR 
DUE TO CANCER ACCORDING TO CLINICAL STAGE 


ก ก IE 
Clinical | 
Stage | 


| | 
la | Intestinal obstruction | Resection of 
| , bowel 
la | Rectal reaction | Colostomy 
| | Exenteration 
Ib — | Rectal reaction |! Colostomy 
Ib | Intestinal obstruction | Resection of 
due to tumor | bowel 
C et C Rectal reaction | Colostomy 
C et C Abscess—-rectal reac- | Colostomy 
| 
tion | 
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applies to patient attrition bv intercurrent 
disease or bv loss to follow-up. There are no 
losses from those causes among the patients 
treated bv surgery alone, but in the com- 
bined treatment group there are 2 deaths 
from intercurrent disease and one patient 


lost to follow-up after the eighth vear. If 


those 3 patients are deleted from the data, 
the accumulative survival result for the 
combined treatment becomes 93 per cent 
after the third vear. Finally, it should also 
be noted that the effect of poor tumor dif- 
ferentiation weighs slightly heavier upon 
the combined treatment group. These data 
emphasize the difficulty in establishing 
uniformity in clinical material. The pa- 
mene 0 tom VIQR by surgay 


was not wisely 0 in nc a examples of 
death from cancer. One of those patients 
presented endometrial cancer that devel- 
oped after earlier irradiation for cervical 
cancer. The other patient had been irradi- 
ated for benign disease. Cancer had spread 
outside the uterus in both instances, but 
the preoperative classification as 5tage 1a 
was not altered. It is apparent that surgery 
alone is adequate treatment for patients 
presenting early lesions of a well differenti- 
ated type in uteri of normal size. It is 
equally apparent, however, that the ad- 
verse prognostic effects of uterine enlarge- 
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ment and tumor undifferentiation necessi- 

tate the use of preoperative irradiation. 
COMPLICATIONS 

The incidence and severity of complica- 
tions is important in determining clinical 
results. Injury may be due to treatment but 
it can also be a consequence of the disease 
itself. There is little difference to be noted 
in complications for corporeal and cervical 
cancer except in the incidence of fistula 
formation. The risk of bladder and rectal 
injury is increased in cervical cancer by the 
necessity for larger amounts of radium 
radiation applied within the vagina. The 
close proximity of those structures to the 
cervix also increases the risk of tumor inva- 
sion. The other structures apt to be injured, 
chieflv bowel, are essentially the same in 
both types of cancer. 

Combinations of irradiation and surgery 
are known to increase the risk of complica- 
tion. Chau, Fletcher, Rutledge and 
Dodd? have attempted to assess dose levels 
of radiation exposure compatible with 
different degrees of surgical management. 
Patients submitted to the combined pro- 
cedure here reported have not experi- 
enced an unfavorable complication. rate 
because dose levels have been less than 
those applied to patients managed by ir- 
radiation alone, and by the fact that the 
surgical procedure has usually been less 
extensive than radical hvsterectomy with 
lymph node dissection. There have been 
only 2 examples of severe complication 
among the 51 patients, as shown in Table 

The subsequent management of one 
ก small bowel resection due to ob- 
struction considered to be a complication of 
treatment. The other patient is a single 
example of death due to complications 
following treatment that were largely the 
effect of irradiation. Prior to the diagnosis 
of cancer, this patient had been treated 
surgically for endometriosis. Considerable 
fibrosis persisted after management of 
corporeal cancer by the combined proce- 
dure. Additional external irradiation was 
applied by betatron. A large bowel fistula 
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was controlled bv colostomy which was 
followed later by pelvic exenteration. 
Death occurred several weeks later. 

Two major complications occurred 
among the §8 patients classed Stage tb and 
managed by irradiation alone. Colostomy 
was performed for a severe rectal reaction 
in one, and bowel resection was performed 
for intestinal obstruction due to metastatic 
tumor in the other. 

The rate of severe complication was 
greatest among the 23 patients classed 
corporis et colli. A severe rectal reaction 
necessitated colostomy in one. The other 
patient developed a severe rectal reaction 
due to diverticulosis with formation of 
pelvic abscess that involved the abdominal 
wall. 


DOUBLE PRIMARY CANCERS 


Among 374 primarv cancers of the cervix 
followed for periods of § to 20 vears, we 
found a total of 11 patients with second 
primary lesions. In one additional instance 
there was a separate primary of the breast 
that preceded treatment for cervical can- 
cer? Among the 167 corporeal cancers 
followed for 1 to more than 15 vears, there 
were 4 patients with primarv cancer in 
other structures diagnosed before treat- 
ment for corporeal cancer. In 2 patients a 
second primary had been diagnosed after 
treatment of the corporeal lesion. These 
data are given in Table xi. In 2 patients 
additional lesions were concurrent with the 
diagnosis of endometrial cancer. 


SUMMARY AND CONCLUSIONS 


1. The over-all curability of corporeal 
cancer is essentially equal to that of cervical 
cancer, but the patients die from different 
causes. The proportion of deaths due to 
cancer is greater in the case of cervical 
lesions, but the proportion of deaths due to 
intercurrent causes is greater in the case of 
corporeal cancer. 

From the patient data here reported, 
there is evidence that recurrence of cor- 
poreal cancer tends to occur at earlier time 
intervals in follow-up than was noted in a 
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Interval 


- | First | Second | 
Concurrent | Primary ป Primary | (Years) 
| Mammary | Corporeal | 2 
| Mammary | Corporeal | DE 
| Cervical | Corporeal | 8 
| Cervical | Corporeal | 4 
|! Corporeal | Bladder | I 
| Corporeal | Colon | 12 
Cervical | | | 
(in situ) | | | ๐ 
Ovary | | | 
(serous | | | 
cystade- | | | 
noma) | | | ว 


similar study of cervical cancer. As a result 
of that difference, a patient with corporeal 
cancer found to be free of recurrence at อิ 
years' observation appears to have less risk 
of later reappearance of the same cancer 
than does a similar patient with cervical 
cancer observed for an equal period after 
treatment, 

2. The curability of corporeal cancer 
varies inversely with stage of clinical ad- 
vance, as is true for all other types of malig- 
nant disease. There are, however, specific 
factors that affect the control of corporeal 
cancer in the different categories of clinical 
classification. These are, in the order of 
their importance: tumor morphology, re- 
sponse to radiation, and size of the uterus. 
Radiation response is largely a function of 
tumor morphology. The significance of 
uterine enlargement in prognosis is essen- 
tially eliminated by special radium tech. 
niques that use the “packing” method. It is 
thus apparent that the degree of tumor 
differentiation is second in im portance only 
to stage of clinical advance in determining 
the results of treatment. The incidence of 
failure is largely the result of variations in 
the distribution of lesions with poor differ- 
entiation. Among the patients here re- 
ported, those classed Stage ta (clinically 
operable) showed 31 per cent with poor 
differentiation. Among those classed Stage 
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th (technically operable), the rate is found 
to be 43 per cent, and in the corporis et 
colli group it is 52 per cent. None of the 
Stage 11 patients was considered free of 
disease after treatment; all but 1 died 
within the first vear of observation. 
Longevity with persistence of cancer after 
treatment is, in all clinical classes, a func- 
tion of stage of tumor advance. 

3. The behavior of corporeal cancer with 
downgrowth into the cervix presents clin- 
ical differences that qualify such cases for 
classification into a particular category, but 
their natural historv does not warrant 
segregation into a group kept statisticallv 
separate from other cases. The classifica- 
tion developed by the Cancer Committee 
of the International Federation of Gyne- 
cologv and Obstetrics should be supported. 
This, in brief, considers as 5tage 1 those 
patients in whom the tumor is confined to 
the corpus. In Stage 11 the cancer involves 
the corpus and cervix. Qualification for 
Stage 111 necessitates spread outside the 
uterus but not outside the true pelvis. In 
Stage 1v there is extension outside the 
true pelvis, or obvious involvement of the 
mucosa of the bladder or rectum. This 
classification for corporeal cancer is in 
line with that employed for cervical cancer 
and deletes the addition of factors related 
to physical condition such as “clinically” or 
“technically” operable. 

4. Patients with corporeal cancer suited 
to surgical management can be successfully 
treated by hysterectomy if the uterus is of 
normal size and if the tumor presents 
histologic evidence of high differentiation. 
Preoperative radium treatment contri butes 
an improvement in results when the above 
specified conditions are not present. Ex- 
ternal irradiation can be added, when in- 
dicated, as a postoperative measure, but 
must be emploved in conjunction. with 
radium treatment in all patients not to be 
managed surgically. Complications of the 
combined procedure increase with the 
amount of radiation applied as well as with 
increase in the radical extent of surgerv. 
'The complication rate for corporeal cancer 
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is not significantly different from that for 
cervical cancer except that for endo- 
metrial lesions there appears to be less risk 
of bladder and rectal fistula. 

Department of Obstetrics and Gynecology 


Washington University School of Medicine 
St. Louis, Missouri 
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IN RETROSPECT 





AND PROSPECI* 


By JOHN G. TRUMP, Sc.D.f 


CAMBRIDGE, MASSACH USETFS 


ANY members of this Societv have 

contributed to the medical radiation 
background on which these reflections are 
based. One of the foremost was Dr. George 
Winslow Holmes whom we remember and 
honor on this annual occasion. It is with a 
deep sense of privilege and pleasure that I 
recall this kindly physician who influenced 
so richly the spirit and practice of radiology 
in this country. 
ย Dr. George Holmes was already a senior 
radiologist and distinguished teacher when 
I first heard him speak at the Massachu- 
setts Institute of Technology (MIT) in 
1934 on the effects and dangers of radiation. 
Not long thereafter a more private meeting 
took place at the Massachusetts General 
Hospital with Dr. Holmes surrounded by a 
small circle of staff and residents in radiol- 
ogy. Three of us from MIT, ph ysicists 
Robert J. Van de Graaff and Edward 5. 


Lamar, and [—a research associate in clec- 
trical engineering—had come to learn 


about the use of x ravs for therapy and to 


in radiation therapy. Months later, one 
sunny afternoon in the spring of 1935 a 
radiologist called at my laboratory. He had 
heard of our assertions regarding the Van 
de Graaff belt generator and wondered if it 
could power a 400 kv. therapy tube. My 
parting remark to Dr. Richard Dresser now 
seems rather brash. “Make it a million 
volts" I said as he left, “and we might be 
interested." In those days one million volts 
for x ray production loomed like the sum- 
mit of Mt. Everest—fascinating and un- 
scaled. With Van de Graaff's refreshingly 
sound and direct ideas on electrostatic 
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generation, we were confident that it could 
be attained. And behind the challenge ot 
million volt operation was the promise of 
greatly improved radiation quality and 
intense x ray output. 

Dr. Dresser, then chief radiologist at the 
Huntington Memorial Hospital, came back 
the next afternoon and made it a million. 
But warned by others that electrostatics 
was all volts and no amperes, he now 
wanted evidence that sufficient x rav out- 
put would be available. 


NUCLEAR SCIENCE IN THE 19305 


Back in the 1930s, nuclear physics was 
still very new. By studying the scattering of 
alpha particles passing through thin gold 
films, Rutherford had deduced the first 
clear picture of the atom. À miniature solar 
svstem, its exceedingly tiny nucleus con- 
tained virtually all of the atomic mass and 
all of the positive charge. At relatively 
great distance this nuclear kernel was en- 
circled by an appropriate swarm of nega- 
tive electrons. Applving Planck's quantum 
theorv to this picture, the Danish theoreti- 
cian, Niels. Bohr, formulated the theory 
which predicted with amazing accuracy the 
intricate line emission spectrum of hydro- 
gen. Thus, early in the second decade of 
this century, the Rutherford-Bohr atom 
provided a sound basis for the further de- 
velopment of atomic and molecular physics. 

In 1919, Rutherford produced the first 
atomic disintegration when he directed 
energetic alpha particles along a tube con- 
taining nitrogen gas and observed a pene- 
trating ray. This proved to be the high 
energy protons emitted when nitrogen 
atoms are transmuted into an isotope of 
oxygen. 

In 1932, two students of Rutherford's 





Roentgen Ray Society on May 18, 1963. 


1 Professor of Electrical Engineering, Massachusetts Institute of Technology, Cambridge, Massachusetts. 
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Cockcroft and Walton— produced the first 
completelv artificial disintegration of an 
atomic nucleus. In this famous experiment, 


they bombarded lithium with protons 
accelerated by a 300 kv. machine. One 


proton in several million would score a 
nuclear hit. The two helium nuclei thus 
produced would recoil from each other with 
17 million electron volts of energy. The 
medi ered loss of nuclear mass in this reac- 
tion exactlv confirmed Einstein's prediction 
in 1905 of the equivalence of mass and 
energy. 

In the vear 1932, Chadwick identified a 
new fundi 0 Barack — the neutron. 
This uncharged particle, slightly heavier 
than the proton, was destined to be the key 
to the large-scale release of nuclear energy. 
In 1932, the C urie-Joliot team induced the 
hrst artificial radioactivity by bombarding 
aluminum with alpha particles producing 
radiophosphorus. Soon to follow were the 
fission of uranium by slow neutrons, the 
first nuclear reactor, the atomic bomb, the 
thermonuclear bomb, and now the genera- 
tion of electric power from nuclear sources. 


ROUND HILL § MILLION VOLT GENERATOR 


Let me return again to the New England 
scene. Van de Graaff and his MIT associ- 
ates had assembled a large air-insulated 
belt generator in a blimp hangar on the 
estate of Col. Green in New Bedford, Mass. 
(Fig. 1). By 1933 this now famous electro- 
static generator had reached new voltage 
heights, over $ million volts between termi- 
nals. À few vears later it was moved to 
Cambridge and rearranged with vertical 
acceleration tubes. For the next 1 5 years, 
this apparatus accelerated beams of mono- 
energetic positive ions and electrons for 





P e studies A nuclear energy levels 
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electrc ons as X “ray s with matter. Todav 
nuclear structure research is being pressed 
all over the world bv ever more powerful 
descendents of this original machine.* 

* The large air-insulated electrostatic generator js now oper- 


ating as the high voltage source for the Elihu Thompson Theatre 
of Electrical Science at the Boston Museum of Science, 
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Original Van de Graaff electrostatic belt 
generator in a sparking « demonstration at Round 


Hill, Massachusetts, in 1932 


"a 


Fig. E 


WE DEMONSTRATE THE POWER 
OF ELECTROSTATICS 


In 1934, under the stimulating influence 
of Robert Van de Graatf, I was continuing 
post doctorate studies in Electrical Engi- 
neering on the voltage-insulating properties 
of high vacuum. The apparatus in my labo- 

~ included a just-completed 700 kv. 
Van de Graaff g generator with 1 ma. current 
capability and a steel high-vacuum cham- 
ber surmounted bv a yoo kv. air-to-vacuum 
bushing. 

Dr. Dresser brought over a bulbous glass 
x ray tube, then standard for 200 kv. ther- 
apy. We soon had the anode connected to 
the high voltage terminal of the generator. 
The cathode was held at ground potential 
and heated to a modest electron emission 
by a storage battery set on the laboratory 
floor. As the generator voltage was raised in 
the darkened l iboratorv, the hissing of 
corona could be heard. The en came ominous 
crackling sounds. Suddenly a bright dis- 
charge flashed from one end of the tube to 
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Fic, 2. Sketch of Huntington Hospital 1 million 
volt x ray generator, 


the other. This threat to the tube and the 
appearance of a dull glow from the anode 
terminated the demonstration. Though 
impressed by the high voltage and the hot 
anode, Dr. Dresser nee led evidence of 
actual x rav output. 

A more elaborate experiment was then 

planned. Our steel vacuum chamber with 
its high voltage porcelain bushing was 
provided with a cathode and a water- cooled 
platinum anode. One Sunday morning, in 
May 1935, this system was demonstrated 
to a select scientific audience—Dr. Karl T. 
Compton, president of MIT and staunch 
supporter of scientific research including 
electrostatic accelerators for nuclear sci- 
ence, Dr. Vannevar Bush, who in the war 
vears was to head the Office of Scientific 
Research and Development, Dr. Robert 
Van de Graaff, Dr. D. L. Webster, Prof. ot 
Physics at Stanford University, and Dr. 
J. Cramer Hudson, radiation physictst at 
us Ainai RUD uud Hospital. J. 
1 been an assistant of 
ud W liam Duane and was m v predeces- 
sor in the radiation physics course spon- 
sored annually these many years by the 
New England Roentgen Ray Society. 
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Dr. Hudson had come provided with a 
Victoreen instrument. It was mv first ex- 
perience with this now ubiquitous Instru- 
ment. On that beautiful Sunday morning 
the inadequate radiation shielding was 
hastily bv some lead bricks near 
the target. Removing ourselves as far as 
possible from the radiation source, several 
measurements of x-ray output were then 
attempted. The first two short runs dis- 
charged the Victoreen ionization chamber 
at so cm. The third, one-half minute in 
duration, gave nearly a full scale 25 r read- 
ing. A fourth run confirmed the third. The 
fifth showed good penetration through 4 
inch of lead. Everyone was convinced that 
we were witnessing an unprecedentedlv 
high and penetrating output and that we 
better stop while we were still intact. This 
demonstration supported Dr. Dresser’s 
red to the Godfrev M. Hvams Trust for 
5,000. Subsequently eranted to the Har- 
aa Medical School, it covered the cost of 
both the million voli x rav source and its 
building extension at the old Huntington 
Memorial Hospital. 


HUNTINGTON HOSPITAL MILLION 
VOLT X RAY GENERATOR 

] will pass lightly over the trials, tribula- 
tions, and triumphs of those early vears. 
Ablv advised by Dr. Van de Gr aaff and 
assisted. bv Frank Schultz and Bernard 
Cosman, the first patient was treated with 
the Huntington Hospital's generator (Fig. 
2) with x ravs produced bv 1 million volt 
electrons impinging on a water-cooled lead 
target on March 1, 1937 (Fig. 3). Within a 
very short time, some of the conspicuous 
advantages of megavolt x rav therapy be- 
came clear; higher output permitting longer 
treatment distances, i increased depth dose 
with less side- and back-scattering, and a 
not altogether anticipated increased skin 


tolerance which enabled the delivery of 
more adequate doses through the radio- 


sensitive skin. 


OTHER MILLION VOLT X RAY SOURCES 


At about this time at the St. Bartholo- 
mew Hospital in London, a new x ray 
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source was being brought up to a million 
volt operation bv George Innes. This had 
been built at the Metropolitan Vickers 
Company under the design of T. E. Ali- 
bone. Also, at about this time in New York 
the first G. E. resonance transformer devel- 
oped by Charlton and Westendorp was 
being applied to deep x ray therapy at the 
Memorial Hospital. In 1937, the conven- 
tional x rav voltage had just established 
itself at 200 kv., several 400 kv. machines 
were peppered about the country anda few 
higher voltage x rav sources were in use. 


IHE MGH 1.29 MV. GENERATOR 


a MII T, M “0! M. i i ams Ty rust 
again supported the development of a gen- 
erator in the million volt range by a $15,000 


RIO 


1 Treatment room of the 1 million volt x ray 
facility at the Huntington Memorial Hospital, 
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Fic. 4. Compressed-gas-insulated 1.25 mv. Van de 
Graaff x ray source at the Massachusetts General 
Hospital. Tank removed. 


grant to MIT. This resulted in the 1.25 
million volt compressed.gas-insulated Van 
de Lad generator designed by Robert 
myself and installed on the 
Second Abs: of the George Robert White 
Building at the Massachusetts General 
Hospital (Fig. 4). Here it has remained for 
nearly 16 vears of therapeutic work; at first 
under the aegis of Dr. George Holmes, then 
under Dr. Laurence Robbins, and then 
your president—Dr. Milford Schulz. 


THE HOPE FOR SELECTIVE TUMOR ACTION 


45 seemed character- 
ized bv the hope that some mysterious 
property of megavolt radiation would in- 
crease its specific action on tumor cells. 
This hoped.for differential improvement, 
the wavelength effect, was not to be. It is 
now well established th at the primarv gain 
from NM X rays Is owing to the im- 


The decade 1935- 


lose distribution in depth rather 
than [on à selective action on tumor. This 
improved distribution in depthis accompan- 
ied, however, by a beneficial reduction of 


bros bed debut in bone because of the inde- 
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pendence of the Compton absorption proc- 
ess on atomic number. It includes also the 
increased skin tolerance which arises from 
the considerable tissue thickness required 
for electronic equilibrium. 


X RAY SOURCES TODAY 


In contrast with the past, the modern 
radiation therapist is confronted with an 
impressive varietv of particles and radia- 
tions covering a tremendous energy range. 
Over 1,500 cobalt 60 sources of gamma 
rays, equivalent in total output to more 
than 3 million grams of radium or over 
1,000 times the world's a 
this precious material, are now installed for 
therapy throughout the world. The forty 
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Fic. 6. Diagram showing method of protecting the 
spinal cord during rotational therapy with mega- 
volt x rays. 


railable supply of 


naturally-radioactive isotopes found on this 
planet are supplemented by hundreds of 
artificially radioactive isotopes, many of 
them with half lives and emissions pecul- 
iarly suited to specific tracer or therapeutic 
applications. 

The early electrostatic and transformer- 
powered x ray machines soon moved up to 2 
million volt operation (Fig. 5 and 6). At 
this voltage x ravs match almost exactly 
the physical and biologic properties of the 
gamma rays from radium and cobalt 60. 
The attractiveness of these machines lies in 
the higher beam intensity proceeding from 
a far smaller source. As Sir Brian Windever 
has remarked, the 2 megavolt x ray sources 
were the workhorses of supervoltage ther- 
apy during the past decade. 

These more favorable radiations placed a 
higher value and stress on the radiothera- 
pist. The ability to deliver a more adequate 
dose, to include regions of actual or poten- 
tial spread, to protect uninvolved or radia- 
tion-sensitive structure, to reduce patient 
reaction, all obviously increase the require- 
ment on clinical knowledge and judgment. 
For the physician radiation therapy be- 
comes more interesting and challenging-— 
and often more rewarding. 
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Today, indirect accelerators—betatrons, 
electron synchrotrons, and microwave lin- 
ear accelerators—offer x rays of still higher 
energy. Four, 6, 8, 20, 35, £o, and 7o milli on 
volt apparatus are available or technically 
feasible. 

This is not the time or place to argue the 
question of optimum x rav energy. That too 
much voltage mav be as undesirable as 
too little is evidenced by a voluntary return 
from 7o mev. x rays toward the lower ener- 
gies. The lower end of the megavolt x rav 
scale is characterized bv less exit skin reac- 
tion, less absorption in bone bv the pair 
production process, an inherently broader 
beam for the treatment of regional as well 


as localized fields, and greater simplicity of 


apparatus. For x ray therapy I feel the 
range from 2 to 20 mev. makes phvsical as 
well as radiologic and clinical sense. My 
personal preference lies nearer to the lower 
figure. 


ELECTRON THERAPY 


Electrons themselves, directly applied to 
tumor-involved tissue, are becoming the 
current fashion in radiation therapy. Rec- 
ognized by physicists and studied as “cath- 
ode rays" even before Roentgen's famous 
discovery i in 1895, identified as tiny swiftly- 
moving negatively-charged particles by 
J. J. Thomson in 1898, electrons have re- 
quired all this intervening time to reach the 
threshold of availability for therapeutic 
use. 

I can remember the caution and excite- 
ment with which Robert Cloud and I first 
peered at the electron beam issuing from 
the 1.25 mv. Van de Graaff accelerator. 
This was one night in 1939, some months 
before the machine was delivered to the 
Massachusetts General Hospital. We had 
replaced the x-ray target with a thin alumi- 
num window and placed ourselves bevond 
the calculated ; meter maximum range in 
air of such electrons, accepting the stop- 
ping-power of some intervening paper wall 
board as additional insurance against these 
potent particles. 


In the darkness of MIT's old wooden 
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hangar, a relic of World War I, the soft 
violet luminosity evoked bv interactions of 
the energetic electrons with the air mole- 
cules was deceptively beautiful. From a 
safe distance we observed the diverging 
luminous beam fading off in intensity as it 
approached the floor. Again and again we 
watched the interesting c -h ange in the angle 
of divergence as the voltage was lowered 
and raised. Before the machine left the 
MIT scene, we had measured the distribu- 
tion of ionization in depth of water, alumi- 
num, copper, and lead. Earlier investigators 
had noted many of the interesting effects of 
cathode rays. We noted and measured some 
of our own, and began thinking of the ad- 
vantages which the localized subcutaneous 
distribution of electron dose might offer for 
the control of superficial disease. 

It is therefore with very real appreciation 
that Kenneth Wright and I look back at 
the opportunity for clinical investigation of 
electrons which Dr. Hugh Hare and Dr. 
Magnus Smedal and their Lahev Clinic 
associates have provided. Our first electron 
therapy patient in 1951 was a 76 year old 
man with mycosis fungoides, finally ramp- 
ant after vears of control. He was dramati- 
cally benefited for 4 more vears by this new 
procedure. Over 1,700 treatment series 
have since been given at MIT with elec- 
trons, many of them to patients with very 
extensive disease. Last year Dr. Ferdinand 
A. Salzman summarized the observations of 
this unique program in a paper titled “Ten 
Years Experience with Low Megavolt 
Electron Therapy." During this entire 
period the Damon Runyon Memorial Fund 
for Cancer Research supported these physi- 
cal and clinical studies with high energy 
electrons at MIT. 


ELECTRONS FOR DEEP THERAPY 


Meanwhile and elsewhere, interest has 
been growing in the application of electrons 
of much higher energy to the deep tumors 
now commonly treated by penetrating x 
rays. For the thicker body sections, deep 
electron therapy may require electron 
energies up to co megavolts. The two pre- 
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Fio, 7. Dose distribution in depth of tissue produced 
by normally incident 1.25 mev., 2.5 mev., and 5 
mey. electrons. 


ferred sources for electrons of such energies 
are: (a) the betatron, a circular electromag- 
netic accelerator first reduced to practice in 
1940 by Dr. Donald Kerst of the University 
of Illinois, and (b) the microwave linear 
accelerator or Linac, a World War II radar 
by-product which accelerates groups of 
electrons in a straight-line path along a 
special copper waveguide fed by pulses of 
very high frequency power. 

Whether such energetic electron beams 
will prove equal or superior to megavolt x 
rays for the management of deep tumor 
problems is an interesting question. If they 
do, it will be solely because of the different 
distribution of dose in depth of these light 
particles (Fig. 7 and 8) as compared with x 
rays. Such electrons have a linear energy 
transfer (LET) closely similar to that of x 
rays produced at the same energy. Elec- 
trons, being the lightest charged particle of 
nature, are more easily scattered by the 
skeletal structures than x rays. Thus the 
dose distribution by electron beams may 
prove more difficult to control in deep 
tumor work than with penetrating x rays. 
Very penetrating electron beams can, like x 
rays, produce reactions at the exit skin. 
Nevertheless, it is already clear that elec- 
trons have considerable promise for super- 
ficial and subcutaneous tumors and it 1s 
reasonable to believe that important sup- 
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porting roles to deep tumor x ray therapy 
will also be found for them. 


THERAPY WITH HEAVY PARTICLES 


And what of the nuclear particles of 
nature? The protons, neutrons, alphas, and 
perhaps even heavier nuclei accelerated by 
the cyclotrons, synchrocyclotrons and syn- 
chrotrons of high energy nuclear physics. 
What of their prospects for radiation ther- 
apy? Is their dose distribution in depth or 
selectivity for tumor such as to yield impor- 
tant clinical advantages? 

Of all of these particles, neutrons are 
technically the most available. Energetic 
neutrons owe their considerable penetration 
to their lack of electric charge. In tissue 
such neutrons lose energy primarily by 
direct collision with hydrogen nuclei. These 
protons recoil to produce short densely- 
ionized tracks with resultant biologic effect. 
Being immune to electric fields, neutrons 
can enter atomic nuclei with little opposi- 
tion. À measurable but innocuous amount 
of short-lived radioactivity is produced 
when a therapy dose of neutrons is deliv- 
ered to animal tissue. Although the clinical 
impression gained in Dr. Robert Stone's 
pioneering investigation almost two dec- 
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Fio. 8. Clusters of ionization along the track of a I 
mev. electron in water, superimposed to scale on 
the outlines of a red blood cell. 
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ades ago was rather unfavorable, external 
neutron beam therapy deserves and is likely 
to receive another trial. 

Many nuclear transformations are in- 
duced by neutrons which have been slowed 
down to room temperature. The attractive- 
ness of the principle of boron-neutron ther- 
apy lies in the high capture probability 
which the boron atom has for such thermal. 
ized neutrons. This boron-neutron interac- 
tion causes the emission of an energetic 
alpha particle which almost certainly will 
destroy the cell in which it originates. But 
the selective absorption of boron com- 
pounds by tumor cells and the distribution 
in depth of a slow neutron gas issuing from 
a reactor port still leave much to be desired. 

Energetic heavy particle beams from 
synchrocyclotrons are in medical use at the 
University of California Radiation Labora- 
tory in Berkeley and more recently at the 
Harvard Cyclotron Laboratory here in 
Cambridge. With utmost Ingenuity and 
precision, these proton and alpha particle 
beams are being directed toward small head 
targets such as the pituitary gland. These 
studies seek to exploit the quite definite 
range of such nuclear particles and their 
relative freedom from scatter. That their 
LET is hundreds of times higher than for 
electrons and photons, that they mav be 
indifferent to the often low oxvgen level in 
tumors, and that they have a narrow Bragg 
peak of ionization at the end of their range 
adds additional interest to these heavy 
particle approaches. 


NEGATIVE PIONS AND OTHER 
STRANGE PARTICLES 
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site. At the end of its range, a negative pion 
may be captured by a nucleus of carbon, 
oxygen, or nitrogen and cause it to explode 
into a shower of alpha particles, neutrons, 
and protons. It is estimated that the tissue 
dose at the end of the pion range is perhaps 
5 tmes higher than the ionization dose 
delivered in transit through the tissue. 

But there are many problems. Negative 
pion beam intensity is very low even with 
the world's most powerful accelerators. The 
pion beam is not clean; it is accompanied by 
a background of electrons, mu-mesons, and 
neutrons. At this stage, the usefulness of 
this new particle is highly speculative, the 
techniques difficult, and the investment for 
purely medical purposes prohibitive. But 
science is undismayed. Since the discovery 
of the neutron in 1932, thirty strange new 
particles have been identified. Many of 
these are rare, all of them are difficult to 
produce and control. Yet we can be certain 
that some of them, as well as more of the 92 
atomic nuclei, will one day be regarded with 
a speculative eve on their therapy possibili- 
ties. 


QUO VADIS? 


What then is in store for radiation ther. 
apy? Are we destined to go on seeking for a 
new lonizing agent, a better sensitizer, a 
deferentially selective particle, or some 
combination of these? Must radiation ther- 
apy inevitably progress from the simple and 
familiar to the complex, the unknown, the 
expensive, and the unattainable? 

To some degree the answer to all of these 
questions is YES. But in the long run of 
time, the impractical, the excessively spe- 
cialized, and the inferior will disappear. 
Under the pressure of human need, what 
will remain and advance must meet the 
requirements of sound radiation physics 
and radiobiology, applicabilitv to a wide 
spectrum of tumor problems, general avail- 
ability to the radiologic profession, with 
reasonable economics and simplicitv. To 
me these considerations argue strongly for 
megavolt x rays and electrons. 

lhe past two decades have seen the 
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management of malignant disease by radia- 
tion advance substantially in acceptance 
and in clinical performance. It still has very 
far to go. Much of this further progress will 
undoubtedly come by improving the 
sources we already have and, most impor- 
tantly, using them with greater under- 
standing and ingenuity. It is a task in which 
everyone of us can contribute. 


John G. Trump, Sc.D. 

Massachusetts Institute 
of Technology 

Cambridge, Massachusetts 
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INTRODUCTION TO THE SYMPOSIUM ON 
PROTRACTION AND FRACTIONATION* 


By FRANZ BUSCHKE, M.D. 


SAN FRANCISCO, CALIFORNIA 


VER since Regaud’s famous experiment 
ontheram’sandrabbit’s testiclein 1920, 
the importance of the distribution of dose 
in time has been recognized and investi- 
gated. The problem has been rather exten- 
sively studied, experimentally. At present 
there also exists much material of more or 
less systematic studies related to clinical 
observations. Coutard had already experi- 
mented with practically every possible 
over-all treatment time from 1 to 12 weeks; 
however, it was Baclesse who svstemati- 
cally analyzed the very large material ac- 
cumulated bv Coutard and by himself and 
demonstrated in greater detail that certain 
mportant conclusions with regard to the 
effect of over-all treatment and time can be 
drawn. Coutard also experimented with the 
eHect of different rhvthmic distributions 
and, in his system of periodicitv, ap- 
proached something similar to what we 
shall discuss under the term “‘split-course 
technique." 

Every radiation therapist has made some 
observations of his own. Some of these 
unsystematic observations, if properly inte- 
grated, have been useful in supporting 
certain conclusions from more systematic 
studies. 

It now appears timely to attempt an 


analysis and evaluation of the rather con- 
siderable and instructive c/inical material; 
the meeting of this Society provides an 
ideal opportunity for such a synopsis. Suffi- 
cient data are available to permit certain 
clinically useful conclusions. While these 
are, of course, tentative, they could provide 
suggestions for further clinical investigation 
and may also influence the design of experi- 
mental studies. 

When planning this symposium, I at- 
tempted to have the different aspects of the 
time-dose relationship presented sepa- 
ratelv. While this may be somewhat artifi- 
cial, it was hoped that it would lead to a 
better understanding of this problem. Ac- 
cordingly, in Dr. Baclesse's paper the prob. 
lem of over-all duration will be discussed. 
The other essavists will consider the effects 
of different forms of rhythmic distribution 
of dose during this over-all duration. 

The use of the terms, “protraction” and 
"fractionation," has been deliberately 
avoided. These terms have been used in 
different connotations and perhaps an 
agreement on exact terminologv mav soon 
be reached. 

Universitv of California 
San Francisco Medical Center 
San Francisco 22, California 


* Presented at the Forty-fifth Annual Meeting of the American Radium Society, San Francisco, California, April 1-4, 1963. 
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HYPERFRACTIONATION* 


By FRANCOIS BACLESSE, M.D. 
PARIS, FRANCE 


i DISCUSSING hyperfractionation, a 
definition of the terms “fractionation” 
and “‘protraction” may be of value. 

Definition of Fractionation. Fractionation 
means the regular distribution of the total 
dose of radiation over a certain number of 
days (over-all time). The dose may be 
delivered every day, every other day, or 
every 3 days. The distribution depends 
upon whether we are dealing with a single 
lesion irradiated through one single field or 
with a locally and regionally extensive 
lesion, irradiated by cross-firing, such as 
pharyngeal cancer with lymph node in- 
volvement or cancer of the breast. 

As far as alteration of normal tissues 1s 
concerned, the following example demon- 
strates that daily irradiation gives a slightly 
increased efficiency: 


A woman was treated in 1940 for an extensive 
lymphosarcoma of the left tonsil, without 
lymph node involvement. The patient is doing 
well after 22 years. She was irradiated with 
conventional 200 kv., 1.5 mm. Cu half value 
layer; field size 68 cm.; focus skin distance ṣo 
cm. The right side received 100 r/skin every 
day, 32 treatments in 38 days. The left side re- 
ceived 200 r/skin every other day for 16 treat- 
ments in 38 days. The combined (entrance and 
exit) dose on the skin was approximately 4,000 
r to each side. 

After 22 years, the only noticeable difference 
is a somewhat more marked epilation on the 
right side, which had received daily irradiation. 
Hence, we may conclude that the hair follicles, 
the radiosensitivity of which represents a very 
sensitive test, have been slightly more altered 
on the right as compared to the left side. 


This observation on normal tissue makes 
us feel that it can be applied to cancer 
tissue. We believe that irradiation to more 
or less extensive skin cancer given daily or 
every other day is the most efficient tech- 
nique both for the effect on the cancer and 


for cosmetic result. Irradiation every three 
days seems to be too long an interval. 

For cancer of the head and neck, the best 
results have been obtained with 2 opposing 
fields, treated alternately every other day. 
For breast cancer, with multiple fields (we 
usually use 6 fields), 2 fields are irradiated 
on the same day; therefore, each field is 
irradiated every 3 days, or twice a week. 

Definition of Protraction. Protraction 1s 
the r per minute rate, or the number of r 
delivered per minute. As 1s well known, 
Coutard used to recommend very low r per 
minute rates, from 2 to 3 r. We have tried 
higher r per minute rates and found that 
with a rate of 30 to 40 r per minute (for 
example, for cancer of the cervix with Io 
XT15 cm. right and left anterior fields) slight 
differences appeared (telangiectasias), but 
they are of so little consequence that they 
should not be taken into account as far as 
survival is concerned. With smaller fields 
(e.g., 8X6 cm.), skin alterations are even 
less noticeable. 

When the cobalt 60 unit is employed the 
r per minute may be as high as 100. It thus 
appears that protraction 1s far less restric- 
tive than it used to be 30 years ago. 


FRACTIONATION 


Fractionation, or time factor, is much 
more important than protraction. The time 
factor was established on an experimental 
basis with Regaud's classic research on 
“sterilization” of the testicle of rams and 
rabbits (1920), the principle of which was 
clinically applied for the first time by Cou- 
tard to cancer of the upper respiratory and 
digestive tract (1922). 

Figure I is a reproduction of a chart by 
Coutard, published in 1932, in which he 
summed up his ideas. The top part refers to 
a two-week over-all time; the center part to 


* Presented at the Forty-fifth Annual Meeting of the American Radium Society, San Francisco, California, April 1-4, 1963. Part 
of the Symposium: Protraction and Fractionation; Chairman, Dr. Franz F. Buschke, San Francisco, California. 
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a little less than two weeks' over-all time; 
and the bottom part to a little more than 
two weeks’ over-all time. 

Coutard's ideal treatment at that time 
was deliberately aimed to produce mucosal 
and skin reactions (“epithelitis” and "epi- 
dermitis," or a moist reaction) within a 2 
week over-all time. Later on, he extended 
the over-all time to 3 and even 4 weeks. 
This extreme limit of 4 weeks was imposed 
by two facts: first, the appearance of the 
"exudative epidermitis," extending to the 
whole field area and secondly, the fear of 
“vaccinating” the tumor (rendering it 
radioresistant), due to the refractory condi- 
tions which were thought to appear beyond 
an overlong period of time. 

Figure 2 is a chart summarizing the 
results of clinical research on skin reaction 
with 200 kv. roentgen therapy. (1) The 
first two horizontal columns from the top 
show Coutard's classic method, reaching 
the limit in the fourth week and stopped by 
the moist reaction. (2) The following two 
columns show progressively increasing 
over-all time, moist skin reaction being 
observed at the sixth and then the eighth 
week, by remaining under the threshold 


Période de traitemeat ; de eatin 
| 


(mnqueuse) 





"Fre. 1. Chart published by Coutard, showing the 
fractionation and over-all time used in his method 
(in Radiophysiologte et Radiothérapie, 1932, 2, 85). 
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Fio. 2. Chronologic chart of skin reactions for 200 kv. 
therapv, in relation to doses and field sizes, show- 
ing the great variation in over-all time irradiation, 
determined mainly by clinical considerations (ex- 
tent, histologic variety, general condition of the 
patient). 
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4 6 8 


dose. The arrows on the right pointing 
upward indicate the time of the appearance 
of the moist skin reaction, at which time 
treatment is terminated. 

The important information that may be 
gleaned from this chart relates to (a) the 
chronology of the skin reaction and (b) the 
possibility of increasing the total dose by a 
factor of one-third on the average. This 
latter can be done in two ways: by a reduc- 
tion of the field size after a certain skin dose 
(from 3,000-4,000 r) is reached and by 
irradiation through tangential fields, when 
possible, e.g., when treating large lymph 
nodes in cases of head and neck cancer. 

The chart demonstrates a great number 
of possibilities in choosing the time factor, 
depending upon the local and regional 
extension of the disease, the histologic 
variations, and the general condition of Eme 
patient. 

Three cases of cancer of the antrum 
invading the suprastructures of the max- 
illa are briefly presented to show the impor- 
tance of fractionation versus dose. 


The first patient was irradiated in 1922 in an 
over-all time of 12 days. He developed a very 
severe skin reaction with deep late sequelae 
including blindness and died 15 years later 
from intercurrent disease. 
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ic. 3. Epithelioma of the suprastructure of the left antrum verified by surgical biopsy. Fractionation: 61 


avs (2 


oo kv.). Mild dry skin reaction. No damage to the lens. Patient living (1963) after more than 12 


=D 


years with good local result. (7) Before treatment. (B) After treatment. 


The second patient was treated in 1950 ina 
period of 13 days with resulting severe skin 
reaction, The late sequelae were less marked 
than in the first case; however, there was catar- 
act formation and blindness of the left eve. She 
died of intercurrent disease 10 vears after 
treatment. 

The third patient, treated in 1950, received 
a higher total dose than the 2 previous pa- 





tients. With an over-all time of 61 days, only a 
very slight, dry skin reaction developed. There 
was no damage to the lens. The patient is still 
alive (1963) after more than 12 years, with 
good skin appearance and no cataract forma- 
tion (Fig. 3, Zand B). 

Figure 4.7 likewise demonstrates the im- 
portance of hvperfractionation. This patient 
had an extensive infiltrative epithelioma ot the 
inner angle of the left eve (cancer térébrant’’). 
He received 6,500 r/skin with 200 kv., spread 
over 67 days (1949). Figure 4B shows the eve 
2 years later (1951). After § years glaucoma 
occurred, requiring enucleation of the eyeball. 
No cancer was found. He died from intercur- 
rent disease 9 vears following treatment, with 
the skin disease clinically controlled. The post- 





«EE 


Fic. 4. (4) Extensive infiltrating epithelioma of the 
inner angle of the eye (‘cancer térébrant”’) treated 
with 200 kv., 6,500 r/skin in 67 days over-all time 
(1949). (B) The inner angle of the eye 2 years later 
(1951). During the fifth year (1954) enucleation of 
the eyeball for glaucoma was performed. No 
cancer cells were found. Patient died 9 years after 
treatment from intercurrent disease. 


Vou. gt, No, 


radiation complication (gl aucoma) « as un- 
avoidable because of infiltration of both ca 


DISCUSSION 


It appears that the 2 to 4 week over-all 
im time may beexceeded bv regular- 
lv distributed doses delivered every day or 

every other day; however, this can only be 
ascertained by a study of patients with long 
survival periods. To prove it, we chose the 
cases with extensive carcinoma of the cervix 
treated exclusively by conventional 200 kv. 
roentgen therapy from 1930 to 1946. Of 100 
cases, 23 lived from 6 to 32 vears after 
tr eatment (Table 1). The number of surviv- 
als in the first 2 columns of Table t is signifi- 
cantly lower than in the last 3 columns. At 
the same time, the า 9 rectum, 
and bladder) was more marked in the cases 
of the first 2 columns, and gre atiy dimin- 
ished in those of the last 3 columns 

Thus it may be said hat hy perfra ctiona- 
tion with high total doses allows control of 
advanced cancer, including sometimes the 
so-called radioresistant tumors, such as 
cylindromas of the salivary glands. It also 
allows preoperative irradiation with high 
total doses. 


HAZARDS 
The 2 to 4 weeks fractionation with high 


total ns produces marked skin reactions 
and may lead to late sequelae, such as radia- 


Tapece 


FRACTIONATION IN 23 OF IOO CASES OF ADVANCED 
CARCINOMA OF THE CERVIX SURVIVING 
Ó TO 32 YEARS 


(Treated by 200 kv. roentgen therapy alone from 
1930 to 19494 at tthe Curie l'oundation) 






Fractionation 


No. of Patients 


Period | HM 

(wk.) | Surviving 

4 : 

476 | 2 

6-8 | & 

8—10 | 8 

10-12 | 7 

l'otal | 23 

i 
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Itc. 5. [n this patient, a papilloma develo ved 3 years 
5 S} , F 


after 200 kv. roentgen therapy for carcinoma of 

the cervix in 32 days over-all time. She died 14 

years after treatment from intercurrent disease 

and the papilloma, which had increased in size 

later, was still present. 
tion-induced cancer, as illustrated bv the 
following 2 examples. 


Observation 1. À patient with cancer of the 
cervix was treated in a 4 week period (32 days 
over-all time) with resulting moist skin reac- 
tion of the posterior gluteal fields followed by 
skin alterations. A papilloma appeared 3 
vears later at the zu of the bleeding area in the 
center of the moist skin reaction (Fi i. gN 
Fifteen vears later ane the patient died from 
intercurrent disease, the papilloma, which had 
increased in size, was still present, 

Observation 11. A £4 year old woman was 
treated in 1933 In a 4 week period at a rate of 4 
r/minute for an undifferentiated epithelioma of 
the nasopharynx and a 5X3 cm. hard, fixed 


lymph node on the right side of the neck. A 


very severe moist skin reaction followed. Three 





น Patient was treated for an epithelioma of the 
MET rarynx with lymph. node involvement. Fit- 
teen years after treatment a radiation-induced 
cancer of the right external auditory canal de- 
veloped which caused patient's death 1 year later. 
There was no evidence of recurrence of the naso- 
pharyngeal cancer. 


years later (1936), ร she developed skin necrosis, 
then bone necrosis of the right antrum. Fifteen 
years later (1948), a radiation-induced cancer 
of the external auditory canal developed. After 
1 year (1949), she died from this very painful 
cancer, although she was clinically cured of the 
nasoph arvngeal sancer and the lymph node 


involvement (log. 6). 

Such late hazards may be avoided by 
using hvperfractionation. At least we have 
never observed any skin cancer in patients 
with long survival times. We believe that 
this is due to the hyper fractionation with 
limited fields, in $ spite of higher total doses 
and higher r per minute rates. 


COBALT 6O TELETHERAPY 


We do not feel that the use of high energy 
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radiation, such as cobalt 60 gamma rays, 
has fundamentally modified the fractiona- 
tion principle with limited fields. However, 
after 6 years’ experience with cobalt 6 ๐ 
beam therapy, we believe that the zotal dose 
mav be increased by one-fourth to one- 
third on the average and that the /ractrona- 
tion may be reduced by the same one-fourth 
to one-third factor. We do not think that a 
short over-all time (2 to 4 weeks) can be 
used for cases with extensive involvement, 
such as pharyngeal cancer with large lymph 
nodes or breast cancer. 


CONCLUSIONS 


The hyperfractionation method, with 
high total doses, has the following advan- 


tages: 
Besides the direct cellular action, 
there certainly exists an action on the sur- 


rounding vasculoconnective tissues which 
has very important consequences in the 
postirradiation period. This fact is well 
proved by late resorption of certain tumors, 
sometimes occurring long after treatment, 
and is the main cog in the rationale of 
hvperfractionation with high total doses. 

The high total dose is necessary for the 
control of the cancer cells which are some- 
times radioresistant. The Avperfractionatton 
is necessary to preserve e the surrounding 
tissue, the protection of mds is essentia] 
from the radiobiologic point of view. 

With this method much better results 
are also obtained when preoperative irradi- 
ation with high doses is given. This is espe- 
ciallv true if high energy radiation, such as 
cobalt 6o teletherapy is used. 


American Hospital of Paris 
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SPLIT-COURSE RADIATION THERAPY IN 
MALIGNANT TUMORS* 


By D. K. SAMBROOK, F.R.CS., D.M.R.T. 
SOUTH WALES, GREAT BRITAIN 


To split-course technique is applied to 
patients treated by roentgen therapy, 
mostly at 250 kv., and may be defined 
somewhat arbitrarily as a planned course of 
irradiation directed to the same tumor 
bearing location, which is deliberately in- 
terrupted by one or more rest intervals of 
not less than 1 week and not more than 2 
months. In general, the method is to deliver 
equal dose fractions on a 5 day a week 
basis. Lately, 3 fractions per week have 
been used. Logically, the general principles 
of the method could include techniques of 
treatment by several large single fractions 
or by combinations of radium and roentgen 
radiations, separated by similar intervals. 
Similar methods of divided dosage were 
used by Holzknecht in Vienna in the 1920’s, 
and were advocated by Coutard? in 1935. 
In 1939, Friedman and Rosh’ gave a de- 
tailed description of periodicity in the 
radiation reactions of skin and mucosa, and 
on the basis of these observations, they 
suggested a split-course type of technique 
for the more resistant tumors. Scanlon" 
has been using a similar technique for sev- 
eral years at the Mayo Clinic and is an 
enthusiastic advocate of the method. 
Earlier workers labored under the handi- 
cap of imprecise dosimetry and inadequate 
apparatus. The handicap of the extreme 
difficulty of evaluating a technique through 
clinical results because of the great varia- 
tion in clinical material, the impossibility 
of a control in most cases, and the length 
of time needed before success can be deter- 
mined is also present. Only recently im- 
portant advances in radiobiology are pro- 
viding us with some of the guidance which 
is needed in devising optimal techniques. 
In my experience split-course therapy 
was prompted originally by the wish to 


spare frail and elderly patients with ad- 
vanced mouth and throat cancers the 
severe discomfort caused by high dose ther- 
apy when given in continuous daily frac- 
tions. The so-called palliative treatment 
with tumor doses low enough to avoid pain- 
ful local reactions gave such short-lived: 
relief as to be virtually useless, and further- 
more tended to discredit radiation therapy 
as a futile method of treatment. Overam-- 
bitious treatment, on the other hand, often: 
simply aggravated the patients’ suffering 
and even hastened their demise. Although 
cobalt 60 beam and megavoltage roentgen 
therapy spared patients the distress of skin 
reactions, mucosal reactions could still be 
troublesome, and experience has shown 
that serious high dose complications often 
followed later, especially if treatment to 
large areas were given too fast. 

In 1953, when this study was initiated, 
megavoltage apparatus was not available 
in Wales, and this was an added incentive 
to seek other ways of overcoming the 
therapeutic dilemma. It soon became ap- 
parent that by stopping treatment when 
local reactions were commencing, these 
reactions rapidly cleared up; treatment 
could be resumed 2 to 4 weeks later, and 
a respectable tumor dose could be delivered 
before reactions reappeared. The patient 
thus had only two short periods of minor 
discomfort which he was able to tolerate; 
relief of symptoms and a noticeable shrink- 
age of the tumor nearly always took place 
during the rest interval. Psychologically, 
this was preferable to the more protracted 
ordeal. | 

At first, the method was limited to ad- 
vanced cases where only palliation could be 
hoped for. Later, because of the satisfac- 
tory results, it was extended to cases re- 


* Presented at the Forty-fifth Annual Mecting of the American Radium Society, San Francisco, California, April 1-4, 1963. Part of 
the Symposium: Protraction and Fractionation; Chairman, Dr. Franz Buschke, San Francisco, California. 
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38 
ceiving radical therapy with the possibility 
of a cure. The method has been further ex- 
tended by splitting treatment into 3 or 
even 4 parts, with 2 or 3 rest intervals, to 
deliver very much higher tumor doses than 
could possibly be given by orthodox con- 
tinuous techniques in an attempt to control 
more advanced cases. In this way it is pos- 
sible to administer doses of 7,000 r-9,000 r 
to the skin (with orthovoltage apparatus) 
without producing more than transient 
soreness and dry desquamation. Mucosal 
reactions are correspondingly mild and 
mucositis lasts only a few days. 

At present the main indications for using 
the split-course method are: (1) where a 
relatively large area or volume of the body 
has to be irradiated with the likelihood of 
disagreeable local reactions, and (2) where 
there appears to be a need for a very high 
tumor dose. 

Two critical questions arose during this 
trial. First, would splitting the treatment in 
this way so reduce the effectiveness of the 
total dose given as to negate the apparent 
advantages? Second, would the divided 
method of dosage have some adverse late 
effect on the vitality of the normal tissues, 
and be followed by a raised incidence of late 
necrosis? 

Since this work began, some interesting 
advances in radiobiology have been made, 
which on the whole give grounds for reas- 
surance on these points; however, only by 
actual clinical experience can conclusions 
be made. So far, my work can only be re- 
garded as a pilot study, and dogmatic con- 
clusions are not justified. Many of the 
earlier cases were so advanced or elderly 
that few long survivals could be expected. 
Also, only recently has the split-course 
method been used to deliver extra high 
dose radiation. Nevertheless, I believe that, 
insofar as patients and doses have been 
comparable, the results with the split- 
course method do not appear to have been 
worse than would be expected with contin- 
uous treatment to the same dosage. Com- 
plications such as necrosis of laryngeal 
cartilage have occurred after split-course 
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therapy, but on the other hand, several 
advanced cases of laryngeal cancer, where 
laryngectomy was refused, have been 
healed without incident and with recovery 
of a good voice. Skin changes, many years 
after split-course therapy, are decidedly 
less pronounced than those following sim- 
ilar or smaller doses given by continuous 
technique. 

In the few cases where a control was pos- 
sible, by dividing the tumor into separate 
segments and treating one part by the split 
and the other by the orthodox method 
(same fraction size and total dose), the re- 
sults have been equivocal. Five cases 
of epithelioma of the skin, 1 of recurrent 
breast cancer and 1 of epithelioma of the 
jaw have been so treated. In 2 cases of ad- 
vanced skin cancer, the tumor recurred in 
both areas; in the other 3 cases, it has re- 
mained controlled in both areas. In the case 
of recurrent breast cancer, the result was 
indeterminate—there has been some in- 
duration in both areas at 6 months. In a 
case of epithelioma of the jaw (reported in 
196213), there was an apparent advantage 
when the split-course method was used. 

Table 1 shows the type of cases treated 
from 1953 up to the end of 1959 and previ- 
ously reported” as well as the more recent 
cases treated from 1960 through 1962. The 
results of treatment in the patients treated 
from 1960 through 1962 are shown in 
Table 11. Here, of course, few patients are 
available for more than a 2 year assessment. 

Some changes have been made in the 
method of presenting results. A period of 
6 months of apparently complete control of 
disease within the treated area is considered 
the least that can be regarded as signifi- 
cant. Even this can only be regarded as an 
indication of useful palliation. To collect a 
reasonable number of 5 year results with 
predominantly elderly patients with car- 
cinoma of mouth, pharynx and larynx re- 
quires a long period. Several of the earlier’ 
patients, whose tumors were successfully 
controlled, died from intercurrent disease, 
thus limiting the period available for assess 
ment. 
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CASES TREATED BY SPLIT-COURSE ROENTGEN THERAPY เฉ ก THROUGH poea) 





Total 


Lary a nx o riform fossa and epiglottis) 
Intrinsic Larynx (glottis) 

Postericoid and Upper Esophagus 
Nasopharynx | | 
Lung (bronchus) | 9 | 7 |n 
Breast (preoperative or recurrent) | 3 4 | 
Sarcoma (various) | = | 4 
Abdominopel vic (various) — | 5 | : | 
Skin (squamous cell epithelioma) | | ME | 5 | 1 | 3 
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* Previously reported,” 
1 One case missed in report.2 


Since the method has been increasingly It was tempting to classifv cases as palli- 


used in cases of inoperable carcinoma of the 
breast and lung, younger patients are 
treated, but the distr essingly high mortal- 
ity from distant metastases, often occur- 
ring within a year or so of treatment to ene 
primary site irrespective of local control is 

a discouraging factor, 


ative or radical since many cases were hope- 
less from the beginning; however, to make 
the assessment somewhat more stringent, 
all patients who could not be evaluated at 
least 6 months after tre eatment, even 
though the tumor had been controlled, were 
placed in the indeterminate group, while 


Taste HH 
RESULTS OF SPLIT-COURSE THERAPY (1960 THROUGH 1962) 
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| Effect on Primary Daae and paeem within Treated Area | Per Cent of 
per Xl PERENNE ee — ERN UNTEN | De terminate 
| | Cases 
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Breast {inoperable or or recurrent) |— — 
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Sarcoma (varity . 6 | 4 | i bem 
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ก = Clinic: al T oe of all —— within Bis treated area, 
Persistent = Clinical or pathologic evidence of growth in treated area after treatment, 
Recurrent = Kecurrence at any time after treatment within the treated arca. 
Indeterminate-: No clinical evidence of recur rence, but period of observation less than 6 months: 
(1) Patient treated less than 6 months ago. 
(2) Patient died before lapse of 6 months from treatment (any cause), 


(3) Not examined within 1 month of d leath and no postmortem examination done, 
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ANALYSIS OF CASES OF CARCINOMA OF BREAST 





Size and Extent | 

of Tumor i 
เซ ด ร 5 i cuc d RE ERE แอ อ ร i 
| Fixed mass 5X4 cm. Multiple | 
| skin nodules. Axillary lymph | 
j nodes 4- | 


i | Outer half of breast. Skin nod- 
| ules. Axillary lymph nodes + | 


MONET 


d M ป ล ล ล ล ล ล ล ณั ้ ั ห ง ห ห ง ล 


CGR ERC eS PERS DE FE I ES OA CC POI 


| Disease in Treated 
| Area 

Died of thoracic metas- 
i tases 











@ | Tumor 3 X4 cm. Lymph nodes | T0X250 t—34-7 9X250 ro4,750 T | Simple mastectomy 6 months after treat- | Died of metastases and 
| 4- in axilla and supraciavicu- | i ment, Scirrhous carcinoma present in sec- local recurrence 1o 
i P ER i i iw ย ถิ ง 
| lar region | tions nonths after operation 
ESRI i ณา พ PEE ; em ต ต ต อ อ ENS CAR PEN ล ล 6 EE ร ร ร mor 
4 | Recurrent nodules after mas- | 10X300 r—23-—10 X 300 r*6,000 t | Clinically controlled | gmonths | Died of lung metastases 
| tectomy and 20X zoor irradia- | | 
| tion | 
2 M - = 1 1 ๐ ๐00 B 3 3 เ 111 5 ๐ È 2 
g | Fixed tumor 6X7 cm. í r0X200 Pow Rte 10 X 225 T | Simple mastectomy 2 months after irradi- | Died of metastases after 
| Axillary lymph nodes + | 31--10X250 r6,750 r | ation, Dense fibrosis, a few rare clusters of | 15 months. No local re- 
| | cancer cells present in sections i currence 
6 | Fixed tumor 4X5 cm. | 15X200 r-—18-—12 X350T | Mastectomy 4 months later. Section: very | Alive and well 1 year 
Asillary lymph nodes clear | 8X 300 r=8,goor | fibrotic tissue, but some apparently viable | after treatment 
| clinically | | cancer cells seen | 
ae anaes i MEN M 1 ค 50 ก 111 ห ห แ แ 330 i น 1 55 ๐ 2 - ล ต 1 ELE 
7 | Fixed fungating mass 9 cm. in | 1 ๐ 75630 ๐ peor gh LOK 300 r =6,000 r | Indeterminate, Marked shrinkage at 2 i Died of metastases after 
| diameter. Axillary lymph | | months | 2 months 
| nodes + | i 
lows m 2 0 ฝ ๒ 1 เน็ ฆ้ a " 
8 | Fungating mass 8 cm. in di- | 10X300 F-72477 5X300 r =5,500 r | Tumor disappeared, but recurrence de- | Died of metastases 
ameter, Axillary lymph i | veloped 4 months after treatment 1 
nodes -++ i | | 
ayi querer i เร i 0 : EORTC 8 - 0 ———— " ก ศา deren ples | ง เย เง เห ง งั ้ ั ง ห ง ห ฉ ง ง ง งุ ณุ i อ อ เน ออ น จ ร ง ก อ อ อ อ อ อ อ ออ ond amo pra sn semis จ ร ง ก น qan teen aon Vt et et enn nen e ett tnam ren men 
ọ | Multiple recurrent nodules | 8X400 r-27-- 8X400 r7 60,400 E | 
| 


| after mastectomy i 


ane T. os. 
IO | Diffuse tumor 6 cm. in diame- | 12 X280 m2 4 950 5 
| ter, Axillary lymph node 7X5 |! @X250 r= 13-10 X250 ย 






ter | (given 3 times a week) 


Tumor 10 X12 cm. invading | 
skin 
| 


13 | Fixed tumor 6 cm, in diamete-, | 
| Axillary lymph node 4 em. | 


H 


14 | Fixed tumor s cm. in diameter. | 
| Axillary lymph nodes + i 


recurrence at any stage put the patient into 
the recurrent category, even though con- 
trol may have lasted several years. 

A more detailed analvsis of the carcinoma 
of breast cases is of interest (Table 11) be- 
cause many were initially inoperable, but 
after irradiation mastectomy usually be- 
came possible. This provided interesting 
histologic material for examination. It will 
be seen that in no case did the radiation 
treatment completely eradicate microscopic 
evidence of cancer. It may be debated 
whether these surviving cells were in fact 
viable, but their presence in a specimen 
removed $ months after irradiation sug- 
gests that they still retained reproductive 
integritv—even if their growth rate was 
greatly slowed. Although this is disap- 
pointing as regards the efficacy of the treat- 
ment as a sole curative method, nearly half 


6Xs00 r-—28— OX soo r = 0,000 T 


ล ง้อ น ณะ m 3 1++11+1111+2@0 


ร ระ 2 ห ++1 1 3 ค ร ย จ งั ห ๐ ห ๐ ๐ ษั ๐ ษ ๐ ษ ๐ ษั ษั ษั พั ณุ ณุ ณั ต ณะ “๒ 000 ป ฑ ธ ม 


Convalescing at present, but only 2 | Alive and well 
months after treatment i 





Mastectomy 2 months after treatment. | Alive but has bone me- 
> Viable cancer cells seen in sections (skin | tastases 

reaction only first degree) ; 

Mastectomy § months after treatment, | Alive and well 13 

| Marked fibrosis but viable cancer cells | months after treatment 
| also present in sections i 
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| Mastectomy 3 months after treatment, | Alive and well after 3 
i Large areas of hyaline fibrosis, but cancer | months 
| cells still present in sections | 
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these patients are alive and well at the 
time of writing. Skin reactions were not- 
ably mild and no serious delay in healing 
occurred after operation. 

Some long term results based on follow- 
up of patients treated before March, 1960 
are given in Table rv. This shows that 
split-course therapy is compatible with 
long survival--and without serious com ph- 
cations attributable to the treatment. 

The dose time factors are summarized 
in Table v but it is difficult to draw conclu- 
sions from them. Only a compilation of 
average values in controlled cases as well as 
in failures is given. This averaging tends to 
iron out interesting individual cases and 
does not show a significant recent trend; 
i.e., a tendency to administer fewer larger 
fractions in each part and to employ 3- or 
4-part courses in order to give higher doses. 
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Local reactions are summarized in 
Table v1. 

In describing the dose time factors, 1t 1s 
essential to define the size and number of 
fractions, as well as the cumulative tumor 
dose. This is because small fractional doses 
are relatively less efficient than large ones 
in terms of cell sterilizing effect because of 
the gradual build-up of effect at the begin- 
ning of irradiation and the fading of latent 
sublethal damage between fractions given 
at 24 hour intervals (or longer). 

This effect of fractionation is further in- 
fluenced by oxygenation at the time of 
irradiation.? Since it is certain that in any 
but the smallest tumors a proportion of 
cells will be seriously hypoxic due to inade- 
quate blood supply,*? the adopted method 
of fractionation may well assume critical 
significance 1n clinical practice. The rela- 
tive sparing of hypoxic tumor cells will be 
further augmented the more radiation is 
fractionated, and the smaller the fractions 
the greater the loss of efficiency in this 
respect (Fig. 1). 

The logical way to overcome hypoxia in 
tumor cells would be to irradiate patients, 
especially those with large tumors, in a 
pressure chamber with 3 or 4 atmospheres 
pressure of oxygen.? This, however, is some- 
what costly and laborious; compression 
and decompression take a long time, and 
there are additional problems of set-up and 
beam direction, and even psychologic 
stresses to consider. The problem of hypoxia 


TABLE IV 
SOME LONG TERM RESULTS 
(Patients treated prior to March, 1960) 








Disease Controlled 
Site of Tumor 


3 Years+ 5 Years+ 





Mouth, Tongue and Tonsil 
Pyriform Fossa, etc. 
Intrinsic Larynx 
Nasopharynx 

Lung (bronchus) 
Postcricoid 
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DOSE (RADS x1000) 
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Fic. 1. Theoretic cell survival curves showing com- 
bined effect of fractionation and hypoxia. (A) Single 
doses; fully aerobic conditions. (B) Single doses; 
I per cent of cells anoxic. (C) 500 rad fractions; 1 
per cent of cells anoxic. (D) 250 rad fractions; 1 per 
cent of cells anoxic. (E) 250 rad fractions; Io per 
cent of cells anoxic. 


may be partly overcome by using a split- 
course technique. In 1960 Cater and Silver! 
have shown by means of delicate electrodes 
inserted into (human) tumors that amarked 
rise in oxygen tension occurs in previously 
hypoxic regions after a course of irradia- 
tion. This is apparently due to the vascular 
reactions following irradiation, and perhaps 
also to suppression of metabolic activity 
in the tumor cells themselves. 
Split-course therapy may usefully ex- 
ploit this process, and the tumor shrinkage 
during the rest interval should further im- 
prove circulation in residual tumor tissue 
by reduction of tissue tension. One may 
even utilize theoretic dose response curves 
for mixed aerobic and anoxic cell popula- 
tions (Fig. 1) to choose the best point at 
which to split the course. It will be seen 
that the slope of these curves begins to flat- 
ten out at about 2,000 rads—after which 
anoxic cells dominate the picture. If a rest 
interval is introduced after about 2,000 
rads has been given, vascular reactions may 
be expected to restore these cells to a more 
aerobic state after 2 to 4 weeks; then, when 
irradiation is resumed, a steeper dose 
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response should again ensue. There is some 
evidence from clinical fractionation data 
that some such improvement in oxygena- 
tion, giving a steeper dose response slope, 
does, in fact, occur during the course of 
fractionated irradiation even with continu- 
ous treatment.® These theoretic curves may 
therefore be unduly pessimistic for in vivo 
conditions, but the split-course technique 
would be expected to exploit this mech- 
anism further. 

The really crucial theoretic argument in 
favor of the split-course principle rests on 
the consideration of cell population kinet- 
ics. The fundamental difference between 
normal and malignant tissues can be identi- 
fied by the fact that the proliferative ac- 
tivity of normal cells is regulated by 
delicate homeostatic mechanisms adjusted 
to the needs and functions of the body, 
whereas the proliferation of cancer cells is 
governed (with rare exceptions) solely by 
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the availability of nourishment and is 
potentially unlimited. The regulation of 
normal cell populations requires two mech- 
anisms: a stimulus to mitosis leading to 
proliferation and a negative feedback to 
check mitotic activity once anatomic or 
physiologic requirements are satisfied. An 
individual cancer cell probably has a fixed 
maximal growth rate (although this may 
change via mutation, or polyploidy, and 
subsequent natural selection of the more 
vigorous strains), but, with the rare excep- 
tion of hormone-dependent tumors, it has 
no natural check to proliferation except 
exhaustion of the nutrient supply. It is this 
metabolic duress which prevents continued 
logarithmic tumor growth in vivo. 

The stimuli to mitosis in normal cells 
show functional specificity and vary 1n dif- 
ferent tissues (e.g., red blood cell precursors 
in the bone marrow respond to anoxia 
through the mediation of a glycoprotein 





TABLE V 
AVERAGE VALUES OF DOSE TIME FACTORS (1960-1962) 
Site of Primary Tumor First Part Rest (days) Second Part Total Dose 

Mouth, Tongue and Tonsil 

Controlled Cases (7) 9.3X252 Fr 20 9.6X256 r 4,670 r 

Failures (5) 9.75X270.5 T 25 7.25306 r 4,760 r 
Pyriform Fossa 

Controlled Cages (9) 10.4248 r 23 107 255 r e190 tr 

Failures (7) 10.3X258 r 26 10.7X243 t 6 378 % 
Intrinsic Larynx 

Controlled Cases (11) 9.7X289 r 23 g.5X288.52r 5,470 T 

Failures (1) 9X280r 18 9X280r £,040 T 
Postericoid 

Controlled Cases (3) 10.3273 9r 26 10.302735 T $,640T 

Failures (2) 9.5 X240r 17 I4X240 5 5,605 F 
Lung (bronchus) 

Controlled Cases (5) 10,4284 r 28 15.8X222 r 6,280 r 

Failures (13) I1.7X200r 32 14.8X1g2r $,I4O T 
Breast 
. None Controlled 10.3X300 f 34 9.7X345 T 5,915T 
Sarcoma (various) 

Controlled Cases (7) 10X201 r 29 8X207 r ร ร 076 

Failures (3) 10.7X163r 32 1I1X230r 4,175 Y 
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called ervthropoeitin; mveloid precursors 
respond to nucleoproteins released by 
infection or tissue breakdown leading to 
leukocytosis, etc.). An important natural 
stimulus to proliferation in many tissues is 
trauma. Research at the Institutum Divi 
Thomae, Cincinnati, many years ago 
showed that cell damage and cell death 
evoked a powerful stimulus to mitosis in epi- 
dermal cells, and mechanical trauma, dam- 
age by ultraviolet light, or by ionizing ade 
tions could all evoke thisresponse.® Local hu- 
moral agents, named "kinins" were shown 
to be responsible, and the release of these 
and other agents is also responsible for the 
local inflammatory reactions following 
trauma or irradiation. Under the influence 
of the stimulus to reparative proliferation 
and with the plentiful blood supply due to 
the local vascular reaction, the intermitotic 
cycle time of epidermal cells may be as 
short as 24 hours!" and rapid healing will 
occur. As the skin (or epithelium) heals, 
some negative feedback must come into 
operation to check mitosis. It is surprising 
that very little research appears to have 
been done on these feedback mechanisms 
which are clearly of vital importance in 
regulating healthy cell growth (otherwise 
normal cells would continue in logarithmic 
growth). 

The time relations of epithelial damage 
and repair are important in the correct tim- 
ing of rest periods in the split-course treat- 
ment. Local reactions reflecting radiation 
damage take 2-3 weeks to develop. The 
response of reparative proliferation follows 
this and appears to be maximal between 
the fourth to seventh week after the begin- 
ning of each course of radiation (Fig. 2). 

The growth rate of tumor cells varies ac- 
cording to type and is one characteristic 
which determines the inherent malignancy 
of a tumor, but the intermitotic cycle time 
of tumor cells. is probably seldom less than 
a week! and may often be much longer. It 
will also vary in different regions of the 
same tumor, depending on the blood sup- 

plv. In hypoxic regions it will be very slow, 
E that the net population doubling time of 
the tumor as a whole will always be longer 
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Tage VI 


LOCAL SKIN AND MUCOSAL REACTIONS TO TREATMENT 
(1960-1652) 


| © Degree (per cent) 
Sit eo f Prima ry Tu m Of; C ases : ร ร ก ร ง ร พารา ร นรา ร ร ร ร กา รา ร้ 


auth "donee and | | | 
Tonsil | IS | 40 | S3 
Laryngopharynx | | | 
(pyriform fossa and | 


- RÀ 
] tury 

: Oo 
to 

Q 


epiglottis) oy 20 
Intrinsic Larynx ic $1 35 12 
Postericoid n Um 50 38 12 
Lung (bronchus) | 33 g2 45 3 
Breast | 14 Qr I E ob we 
Sarcoma | d4 $0 | = 


Definition of degrees of reaction: 


(1) Transient discomfort. Erythema to drv desquamation 
| only, 
) Discomfort, but not interfering seriously. with eating. 
Marked erythema. Patchy mucositis. 

(3) Severe discomfort and/or dysphagia affecting rest and 
eating, Moist epithelitis; confluent mucositis. 


than the intermitotic period in areas of 
most active growth. Since radiation itself 
inhibits mitosis for several days or weeks 
after a dose of 2,000 to 3,000 rads,” the 
recovery of tumor cells will be much slower 
than that of normal epithelial cells under 
the influence of the stimulus to healing. 
Healing of normal tissues will be further 
assisted, in small areas at least, by ingrowth 
of intact peripheral cells and migration 
(“seeding”) of connective tissue cells into 
the tumor bed. The consequence of this dif- 
ferential in the recovery rates of normal 
and malignant cells from radiation damage 
is vividly illustrated by a semilogarithmic 
graph ot the theoretic kinetics of a mixed 
population of normal and malignant cells 
exposed to a typical split-course of irradia- 
tion (Fig. 2). The graph is based (for the 
sake of simplicity) on the assumption of 
fully aerobic conditions in both skin and 
tumor cells. This would only hold true for 
small, well-vascularized tumors. For larger 
tumors containing hypoxic and anoxic 
zones, sterilization of tumor cells would lag 
behind that of skin cells (and of other nor- 
mal cells with a good blood supply also in 
the irradiated field). This serves to empha- 
size the necessity of allowing adequate time 
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FRACTION SURVIVING WITH REPROCUCTIVE INTEGRITY 
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Fia. 2. Presumptive kinetics of normal (epithelial) 
and malignant (tumor) cells during split-course 
therapy. - -9— — =Squamous epithelial cells re- 
taining integrity, showing rapid regeneration dur- 
ing rest periods. T —'Tumor cells showing 
slower recovery. Population doubling time taken to 
be 3 weeks. XR; — First part of radiation therapy 
(10 daily fractions of 275 r). Ri= First rest period. 
XR:=Second part of radiation therapy (10X 
275 r). Re= Second rest period. XRg=Third course 
of radiation therapy .(if required) — (5X275 r). 
(Dy taken — 150 rads; extrapolation number —2). 


for normal tissue recovery to occur if even 
higher tumor doses are necessary to achieve 
tumor destruction. 

In this example, the doubling time of 
normal cells under the maximal stimulus to 
mitosis is taken as 24 hours, while the aver- 
age tumor cell population doubling time is 
taken as 3 weeks. Very few tumors clini- 
cally doubled their mass in less than 6 
weeks. To judge from length of history and 
the observed rate of growth of accessible 
tumors, such as epitheliomata of skin, oral 
cavity, and cancers of breast, many take 
several months to do so. It can be seen 
from the slope of the logarithmic graph that 
little headway is lost in terms of tumor re- 
covery during a rest period of 4 weeks. Such 
a gap in the course of treatment will have 
no more deleterious effect than a similar 
period of delay in establishing the diagnosis 
and starting treatment. In fact, it is prob- 
ably less harmful, owing to the radiation- 
induced arrest of mitosis. For all but very 
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rapidly growing tumors, rest periods of 
from 4 to 8 weeks should be more than 
compensated for by an additional s500- 
1,000 rad tumor dose. The increased nor- 
mal tissue tolerance allows much more than 
this to be given with safety. Although this 
model is speculative, it agrees reasonably 
well with clinical observation. Normal tis- 
sue damage, as predicted theoretically and 
as observed in practice, appears to need at 
least 3 weeks after a dose of 2,000 to 3,000 
rads to recover fairly completely. Higher 
doses would require a longer rest period. 
Theory and practice thus appear to be in 
good agreement as regards choice of the 
length of rest periods. Theoretically, this 
process (of treating and resting) could be 
repeated indefinitely until no tumor cells 
survive. In practice, recovery of normal tis- 
sues im vivo as opposed to isolated cells 
under experimental conditions is never 
complete, and there must be a top limit of 
a safe total dose. Even so, several patients 
have been given 8,500 to 9,500 r skin dose 
(with 250 kv. roentgen rays, half value 
layer of 1.5 mm. Cu) by 4 part split-courses, 
without even a skin break and with only 
short periods of soreness. At the termina- 
tion of treatment, the skin remained supple 
and was free from scarring, with only a 
little dryness and deep pigmentation being 
present. It seems reasonable to hope that, 
likewise, damage to connective tissues and 
the internal viscera may be minimized in 
the same way so that radiation therapy 
could be put to even more effective use 
when dealing with deep seated tumors. Al- 
though distant metastases still constitute 
the gravest problem in cancer treatment, 
we shall not succeed in eradicating many 
of the localized tumors, where a chance 
exists, unless we can deliver a much higher 
tumor dose without the prohibitive at- 
tendent morbidity; e.g., a tumor 5 cm. in ` 
diameter (mass about 70 gm.) may contain 
up to 10!? viable tumor cells." If only 1 per 
cent of these are seriously hypoxic, calcula- 
tions indicate that the depopulation needed 
to give a go per cent chance of cure (reduc- 
tion to 107!! fraction) would require a single 
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dose of 7,500 rads, or a dose of about 12,000 
rads if given in soo rad fractions. Doses of 
this order simply cannot be tolerated if 
given by continuous techniques. Present 
experience suggests that such verv high 
requisite tumor doses can be approached 
with safety only bv utilizing the split- 
course principle. 


CONCLUSIONS 


The split-course technique is bv no 
means static or finalized. Theoretic consid- 
erations (including some not dealt with 
here—such as theinfluence of higher extrap- 
olation number) indicate the desirability 
of delivering the dose in fewer larger frac- 
tions. The size of an individual fractional 
dose which can safelv be given, especiallv 
to a large volume, is limited by the con- 
stitutional effects it produces; 7.e., radiation 
sickness, diarrhea, leukopenia, etc. It has 


been suggested that a new effect— "extra" 
damage from some other mechanism—may 


begin to operate on tissues 77 vivo with sin- 
gle doses above a certain size; e.g., 1,500 r 
(Lajtha, unpublished). Clearly, we must 
proceed cautiously; but, the future trend of 
the evolution of radiation therapy may per- 
haps be towards a longer spacing of fewer, 
larger fractions, whatever the exact details. 

Meanwhile, the split-course approach 
oHers certain practical advantages. The 
family physician is less reluctant to refer 
patients for radiation therapy when he 
finds that we no longer "burn them up." 
Surgical colleagues are more readv to con- 
cede that radiation therapy is of real value 
when thev note less severe reactions and 
tissue scarring. Irradiation does not in- 
crease the difficulties of surgery if subse- 
quently needed, and fistulae or skin break- 
down are seldom a problem in such cases, 
provided that operation is not deferred too 
long after irradiation. 


Radiotherapy Department 
Swansea Hospital 
South Wales, Great Britain 
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REDUCED FRACTIONATION IN 
RADIATION THERAPY* 


By CHARLES BOTSTEIN, M.D. 


NEW YORK, NEW YORK 


HE considerations which led us to 

abandon the customary daily fraction- 
ation schedule were discussed in some detail 
in Chapter v of the second volume of 
"Progress in Radiation Therapy" edited by 
Buschke in 1962. 

The impetus for the departure from a 
daily treatment schedule was an emotional 
rather than a rational one. After gaining 
some experience with the cobalt 60 appara- 
tus, the side effects of conventional roent- 
gen therapy became of great concern to us. 
It was felt that not only the patients with a 
more favorable prognosis but all should be 
treated with the cobalt 60 unit, thereby 
subjecting them to lesser sessions and 
also lessening the degree of skin reaction. 
In order to accommodate everyone on 
our only cobalt 60 unit, we decreased the 
number of treatments and increased the 
single increments, spacing them in the 
over-all time originally planned for their 
course. The total dose was somewhat re- 
duced to avoid undesirable side effects. 
The excellent tolerance of our first pa- 
tients to this type of therapy emboldened 
us to extend this schedule to an increasing 
number of cases so that by the beginning of 
1963 we had treated 317 patients as fol- 
lows: 4,000 r to 6,000 r tumor dose given in 


4 to 8 weeks, with about 20 treatments. 


spaced at 48 to 72 hour intervals. We 
started with lower doses and increased the 
portions gradually to test the tolerance of 
the patient to the higher increments. Last 
year we even abandoned this slow start and 
now begin with the full dose unless there is 
specific reason for caution. 


MATERIAL 


Table 1 shows the composition of our 
patient material "treated for cure." Since 


TABLE ไ 
TYPE OF CANCER CASES TREATED 


—— mm — 


No. of Patients 








Lung 79 
Head and Neck 72 
Female Genitalia 24 
Central Nervous System 52 
Urinary Bladder 17 
Gastrointestinal 15 
Breast 50 
Miscellaneous 8 

Total 217 





we started late in 1957 with cancer of the 
lung, we cannot present any 5 year results. 
Because of the very heterogenous material, 
it is impossible to present a meaningful 
statistical evaluation. All patients were 
carefully watched for any unfavorable loca! 
or systemic side effects from the higher 
fractions. They appeared to tolerate this 
treatment far better than the patients who 
remained on a daily schedule. Their morale 
was higher and we had a comparatively low 
number of “drop outs”; that is, we were 
able to complete the planned course of 
treatment on practically all the patients. 
This is especially important in our material 
which consists mainly of out-patients. 
When treated daily, these people are prone 
to miss appointments because of transpor- 
tation difficulties, inclement weather and 
minor ailments. There is no doubt that 
daily treatments are an almost intolerable 
burden, both to the patient and his family. 
The reduced schedule, however, occasion- 
ally saved the patients from hospitaliza- 
tion, helped to preserve their working 
ability while under treatment and dimin- 
ished by two-fifths the total cost of their 
therapy. 


* Presented at the Forty-fifth Annual Meeting of the American Radium Society, San Francisco, California, April 1~4, 1963. Part of 
the Symposium: Protraction and Fractionation; Chairman, Dr. Franz Buschke, San Francisco, California, 
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Tase H 
CARCINOMA OF LARYNX (VOCAL CORD) TREATED WITH COBALT 60 TELETHERAPY 
yi ryt A Verage 
4. kd l'otal l'otal Average "MP S 
Date Es No. of 1 : 0 Single 
ลา มั น l'otal EE No. of Exposure Tumor Single E 
Patient. Treatment Sd I reat- s $ : DNO dá lFumor 
A Davs Fields Dose Dose Exposure PM 
Began ments (319 (ids (n Dose 
d.io UI 1 z 
| | : (rads) 
T.M. 3/59 36 23 i 6,200 £,1$0 270 255 
JP. 2/60 49 26 2 7,800 5,100 300 200 
5.G, 5/60 42 2 2 7,500 6,400 300 266 
M. R. 9/ 61 47 21 1 7,000 5,000 335 240 
H.E. 1/62 44 20 I 7,700 6,200 385 310 
E.J. 2/62 36 18 1 0 8 ๐ ๐ 5,400 380 300 
Telos 2/62 43 20 2 7,600 6,100 380 305 
R.A, 3/02 5 ๐ 26 2 6,600 $,600 255 216 
L.S. 3/02 40 19 1 7,000 5,000 370 315 
H.R. 4/62 41 20 I 6,500 5,050 325 250 
M.R. 6/62 40 19 2 6,300 $,500 350 290 
H.S. 5/62 $5 2 2 24250 6,250 290 250 
H.L. 9/62 42 20 2 5,600 5,600 280 280 
H.C, 9/62 34 20 1 6,700 6,700 335 275 
GE: 12/62 42 18 2 4,800 5,000 265 280 
xD. 1/63 45 20 1 6,000 4:300 300 21$ 
D.S. 1/63 43 19 1 5,7 4,750 300 250 
Average 43 2I 6,060 653r 320 260 


For the evaluation of tumor results, we 
have chosen two small homogeneous grou ps 
of patients with the following disease char- 
acteristics: (I) tumors confined to a single 
site and easily observed; (2) tumors which 
produced general metastases either rarelv 
or late in the course of the disease; and (3) 
tumors which at the time of treatment 
were under constant observation and evalu- 
ation by our surgical colleagues. These 
conditions are fulfilled bv cancers of the 
vocal cord and urinary bladder. 

In 18 consecutive cases of cancer of the 
vocal cord, there has been complete disap- 
pearance of the tumor with no side effects 
such as edema, prolonged hoarseness and 
dysphagia or any skin changes. These were 
patients referred to us by the laryngologist 
and head and neck surgeon since 1959. 

Seventeen of these cases were treated 3 
times weekly as out-patients. The only 
exception was a patient hospitalized for a 
nonrelated condition and treated daily. The 
average treatment data were a total tumor 
dose of 5,500 r in 43 days given in 21 ses- 
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sions. Table 11 shows more detailed infor- 
mation concerning patients who were 
treated 3 times weekly. 

The next group consists of 17 patients 
with carcinoma of the bladder referred to us 
by our urologists and followed bv them 
with periodic cvstoscopic examinations. 
These were far-advanced cases, unsuitable 
for cystectomy. Most had transurethral 
surgery and several had some type of par- 
tial resection by cystotomy. Twelve of the 

7 cases were treated with the electron 
beam of the betatron unit. The initial re- 
sults were favorable. It is not possible to 
distinguish whether the reduced fractiona- 
tion schedule or the use of the electron 
beam was responsible for these results. The 
dosage schedule and results are shown in 
Table nir. 

Since the great majority of our patients 
with cancer of the lung manifested wide- 
spread metastases almost immediately after 
the completion of therapy, any attempt to 
evaluate the radiation effect in terms of 
survival would be futile. We had, however, 


Tague III 


DOSAGE SCHEDULE IN CASES OF URINARY 
BLADDER CARCINOMA 


Tumor Dose Time No. of 
(rads) (days) Treatments 
6,000 49-56 10-24 
Initial Response 
12 cases Excellent-disappearance of tumor 


4 Cases Good initially—tumor recurred 
I case Treatment discontinued—cystitis 


ample opportunity to observe that large 
volumes of tissue can tolerate large dose 
fractions. 

Our present treatment schedule for carci- 
noma of the lung as compared to that previ- 
ously used is shown in Table rv. 


DISCUSSION 


Radiobiologic research supports the va- 
lidity of our clinical impression in an in- 
creasing number of reports.! Figure 1 is a 
graph, based upon the work of Elkind,? 
showing that fewer larger fractions enhance 
radiation effects. 

The now customary schedule of radiation 
therapy 5 times weekly grew out of con- 
venience to allow personnel a long weekend; 
this was not based on any scientific prem- 
ises. The results were not different from 
those derived from the 6 times weekly 
schedule or even Coutard's original sched- 
ule of 11 times weekly. Our program of 48 
and 72 hour intervals 1s more suitable bio- 
logically. Even this schedule might be too 
tight. Larger and wider spaced fractions 
must be attempted and supervoltage makes 
this clinically possible. 

We feel strongly that with an over-all 


TABLE IV 


COMPARISON OF TREATMENT SCHEDULES IN CASES OF 
CARCINOMA OF THE LUNG 


Tumor Dose Time No. of 
(rads) (days) Treatments 
Present $,200 35—40 20 or less 
Previous 6,000 55-60 35-40 
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time of at least 30 days, larger fractions 
with greater spacing definitely show an 
improved tumor effect. Guided by the 
clinical situation, the total dose is adjusted 
downward. In our experience, with 3 times 
weekly sessions, the total dose falls about 
10-15 per cent short of the dose anticipated 
for daily treatment. Some of our best 
results were achieved with doses below 
5,000 rads. The patients whom we expected 
to do well did so and the patients whom we 
expected to do poorly did no worse. 


SUMMARY 


In summary, we feel that more widely 
spaced fractions have the following advan- 
tages: 


1. Better tumor response. 

2. Better general tolerance of the treat- 
ment by the patient. 

3. Convenience to the patient through 
reduction of weekly visits, often enabling 
him to pursue his occupation and in some 
instances making hospitalization unneces- 
sary. 
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Fie. 1. Survival of Chinese hamster clone A cells 
irradiated to a total dose of 2,500 rads in 3 and 5 
fractions. These curves are based on the work of 
Elkind.* 
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4. Convenience to the department by 
gaining free time for follow-up, treatment 
planning, teaching and research. 

5. Economic advantage for the patients 
who get the total treatment in fewer ses- 
sions (or to the community which often 
pays the bill) as well as for the department 
by making it possible to treat more patients 
with the same equipment. 

Ellis,’ in thesummary of his article about 
the dose-time relationship which appeared 
in the British Fournal of Radiology, stated: 
“Hitherto, administrative convenience has 
been of almost more importance in radio- 
therapy than scientific knowledge from the 
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point of view of deciding on treatment 
regimens." 


Montefiore Hospital 
210th Street & Bainbridge Avenue 
New York 67, New York 
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N OPPORTUNITY to assess the effects 
of an unconventional fractionation 
technique presented itself at the Columbia- 
Presbyterian Medical Center in conjunc- 
tion with a studv of the role of high-oxvgen 
0 in pe pce ur ir Be. 


a | patient. iS ก to 4 ก és of 
oxygen, the usual daily treatment schedule 
was ท In preparation for this 
oxvgen studv, a number of patients Was 
treated with the same type of fractionation 
that had been proposed for the oxygen proj- 
ect but with exposure to normal atmos- 
pheric conditions, rather than breathing 
oxygen in à hyperb ว แห ไอ chamber, in order 
to gauge the effects on tumors and normal 
tissues. Preliminary 
patients treated in this manner have been 
published.” 

The present report is based on the 
analysis of two groups of patients with head 
and neck malignancy treated on a weekly- 
dosage schedule. The first group (12 pa- 
tients) consists of a nonrandomized selec- 
tion of patients treated to various total 
doses from approximately 1,000 r in a single 
dose to 4,000 r in 4 treatments spaced over 
21 days (Table 1). Most of these situations 
were entirely palliative in nature because of 
the presence of far advanced disease, often 
beyond the possibility of being encom- 
passed in a reasonable radiation field. 

The second group (8 patients) comprises 
those patients included in the oxvgen 
project but irradiated without added oxy- 


* From the Department of Radiology, 
York, New York. 


results on a series of 
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gen (Table 11). They have been randomly 
selected and can be compared with another 
randomized series of 7 patients (Table 11) 
treated to tumor doses of 5,000 r to 6,500 r 
at the rate of 1,000 r;week, irradiation 
being given 3 times a week. The effect of 
high oxygen Be essure will not be considered 
in this report. 

At the present time, the series is small and 
the follow-up is short. Therefore, only a pre- 
liminary report can be made. Since all the 
patients had advanced malignant disease, 
it is to be expected that an extremely high 
percentage will die of cancer in a relatively 
short period of time. The onlv practical 
measure of effectiveness is the abilitv to 
control the local tumor. In most cases no 
attempt was made to include all the re- 
gional lymph nodes since it was felt that 
(a) tissue tolerance would be compromised 
if the treatment portals were enlarged be- 
vond those absolutely necessary to cover 
the primary tumor and (b) surgery was 
thought better able to control lymph node 


metastasis in the neck. Regional ly mph 


n were Renee only if it was not 


to any major extent. 


METHOD 


Patients in the randomized series were 
selected on the basis of having far ad. 
vanced malignant disease of the head and 
neck region with direct extension beyond 
the site of origin or with regional lymph 
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Patient | 
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! of tonsil, base of tongue, 


node 


No, 


Tage TI 


MASSIVE DOSE T ECHNIQU i NONRANDOMIZED SERIES 





1 Tumor Contre] 


id Treatment 


2,000. fd 
to recurrence 6X8 cem., 
opposing fields 


Adm. to poorly dif. 
ferentiated squamous cell | 
epithelioma of left tonsil | 
with postoperative recur- : 
rence in right fauces and 

left nasopharynx 


5250 rX1 followed by 
2,500 róid by conven- 
tional technique 





Tengue with local recur- 
rence and skin involve. 
ment after radical sur- 
gery. Squamous cell carci- 
noma 


Post surgical recurrent 
squamous cellepithelioma 
of floor of mouth with 
fistula to skin 


2,550 r/7d /2 treatment:, 
opposing 6 cm, 
Ponts 


Squamous cell epitheli- | 
oma of laryngeal surface - 
of epiglottis ) 











Paty 


Poorly differentiated squa- 
mous cell epithelioma of | 
tonsil and cervical lymph | 
nodes | 


4, 
opposing 8X io em. ports 


Unditferentiated squa- | 
mous cell epithelioma of | 
nasopharynx, palate and | 
nose 


opposing 8X t6 cm, ports 
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Undifferentiated squa- | 
mous cell epithelioma of | 
nasopharynx with cranial | 
nerve involvement | 


opposing 8X8 cm. ports 






Squamous cell epithelioma, 
of nasopharynx, recurrent 
3 yr. post radiation 


2,000 r/"d/2 treatments, 
opposing 6X6 cm, ports 
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Squamous cell epit helioma 
of almost entire tongue | | 
and submental region 


treatments, 
opposing 


3,250 r/14d /3 
NEX Om. 
ports 





Recurrent squamous cell 


| LOB3 F/T treatment, 6 8 
epithelioma of larynx post | 
H 


cm, port 
surgery, with esophageal 
Obstmhcrión 





Moderately well differen- | 
tiated squamous cell epi- j 
thelioma of larvnx recur- 
rent post surgery to 
esophagus 


2,500 r^7d./2 treatments, 
RX iom. Opposing ports 


Moderately differentiated | 
squamous cell epitheliama | 


3,250 r/tgd / 
opposing 9.6 12 cm. 
| ports 

| palate, and submandibu- -: 
| lar lymph nodes 


metastasis. Lymphomas were 


treatments | 


coo r/24d /4 treatments, | 


4,000 r/35d. 4 treatments, 


3,250 r/14d/3 treatments, 


‘3 treatments, 


ex- 
cluded. Patients were treated according to 
two different regimens: (a) 3 days a week 











circular | 
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complete, 4 


mo, 


nor contra 


complete, 
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8 mo. 





mo, 


not centrolled 


naval. 3i mo. 


partial, g wk, 


complete, 
mo. plus 





feck Cance 


Hed 












Survival Complications 


dead of persistent disease | none 


at PI n.o, 


dead at 2 mo, with per- | 
sistent d 


ISCASE 


pain and edema after 
first large dose 





TE eme iilos 
ing first large dose 


dead at 2 mo. with per- | 
sistent disease i 


dead of lung primary at | none 
8 mo. ป: 





de ad of suicide at 10 mo,; | 
disease status unknown 


nonc 


“de ead at 1 mo. af 
ent disease 


persis t- i none 





dead at 10 mo, with re- 


current disease 


none 


alive at 22 mo, with per- 
sistent disease, probable 


none 


alive at 22 mo, with bi- | 
lateral cervical lymph 
node involvement; dead 


| nonc 
| at 24 mo, 





i i 
dead at 2 mo. of persistent | s 
disease BH 

i 1 






Pr at 11 mo. of persist- | none 


ent disease 





none 


dead at ¢ mo. of persistent | 
disease i 





for ร to 6 weeks or more at the rate of 1,000 


r tumor dose per w 


‘eek; (b) on a once a week 


basis with the initial dose being 1,250 r to 
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the tumor and the subsequent doses 1,000 third had a relatively small poorly diferen- 
r each for a total of 3,250 r in 14 elapsed  tiated epithelioma of the tonsil with in- 
days. All patients treated before July, 1962 volvement of an adjacent lymph node who 
are included and their status as of February refused the conventional type of radiation 
1, 1963 has been evaluated. therapy. Total dose and number of frac- 
The remainder of the patients discussed tions varied somewhat within this group as 
in this report were selected mostlv on the a whole. 
basis of having recurrent disease after prior All treatment was given on the 22.5 mev. 
surgery or irradiation, or widespread metas-  betatron, using the roentgen-ray beam. 
tases with virtually no chance of cure. This type of equipment is well suited to 
Only 3 patients in this group had a chance the method of massive doses because of 
of permanent control of the disease. One the relatively low integral dose, homoge- 
of these patients had an epithelioma of the neous distribution of radiation, low skin 
tonsil, base of tongue and palate, with dose, low bone absorption and excellent 
regional lymph node involvement; another collimation. Radical neck dissection was 
had a tumor involving almost the entire performed where indicated, usually 4 to 8 
tongue and floor of the mouth and the weeks following irradiation. 


Tase II 


MASSIVE DOSE TECHNIQUE, RANDOMIZED SERIES 


- 





Patient 


K.T. 


E.B. 


H.H. 


M.F. 














Tumor Control Survival 





Lesion Treatment Complications 











living and well at 26 mo., | none 
after surgical removal of 


disease 






3,250 r/14d/3 treatments, | 3 mo. 
opposing 6X8 cm. ports. 
Later resection 


Well differentiated squa- 
mous cell epithelioma of 
tonsil and soft palate 













3,250 r/14d/3 treatments, | not controlled 


obliqued 7.5X 12 cm. ports 


Moderately well differen- 
tiated squamous cell epi- 
thelioma of cervical esoph 
agus with cutaneous fistula 


dead with persistent dis- 
ease at 4 MO, 


none 





























died at 5 mo. of cerebral 
vascular accident during 
attempt at perfusion 


severe mucositis 








2,250 r/7d/2 treatments 
(planned pleural 3,250 
r/14d/3 treatments) op- 
posirg 6 X10 cm. ports 


Squamous cell epithelioma 
of posterior tonsillar pil- 
lar, lateral laryngeal wall 


and pyriform sinus 











mucosal necrosis 





3,250 r/14d /3 treatments, 
opposing 8 cm. circular 
portals. Radical neck dis- 
section 






Squamous cell epithelioma living and well at 17 mo. 
of tonsil, soft palate, floor 
of mouth, and gingivae; 2 
positive cervical lymph 
nodes 













died of metastases at IO 
mo. 





3,250 r/14d/3 treatments, 
opposing lateral 6X 10 cm. 
ports. Radical neck dis- 
section 


Epithelioma of left naso- 
pharynx with left cervical 
lymph node involvement 






wh 
E M a i a n i i s MA 


J.L. 


W.T. 














3,250 r/14d /3 treatments, | not controlled 
opposing lateral 6X 10 cm. 
ports. Later iridium 192 


implant 


Poorly differentiated squa- 
mous cell epithelioma of 
base of tongue, vallecula 
and bilateral cervical 
lymph node involvement 


dead at 9 mo. with pri- 
mary uncontrolled 


none 




























3,250 r/14d/3 treatments, 
opposing 6X8 cm. ports. 
Radical neck dissection 


Moderately well differen- living and well at 8 mo. 
tiated squamous cell epi- 
thelioma of tonsil, retro- 
molar trigone and base of 


tongue 


none 
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J.F. 













died of brain abscess at | facial edema 


$$ mo. 







3,050 r/14d/3 treatments, 
anterior 8X1Io cm. and 
lateral 10X 1 ๐ cm. ports 


Squamous cell epithelioma 
of antrum, palate, eth- 
moids and skin of face 
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Patient Lesion 


E.K. Epithelioma of tonsil, 
pharyngeal wall, base o 
tongue and cervical lymph 
nodes 

J.L. Undifferentiated squa- 

mous cell epithelioma of 

nasopharynx with bilat- 
eral cervical lymph node 
involvement 

P.R. Chondrosarcoma of sphen- 

oid bone 


A.A. 


Undifferentiated squa- 
mous cell epithelioma of 
nasopharynx with unilat- 
eral cervical lymph node 
metastasis 


E.O'K. | Moderate to poorly differ- 
entiated squamous cell 


epithelioma of base of 
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Tase III 
CONVENTIONAL TECHNIQUE, RANDOMIZED SERIES 


Treatment 


6,327 r/sod, opposing 7.5 


X12 cm. ports 


5,994 r/40d, opposing 12 


X15 cm, ports reduced to 
6X 8 cm. after 5,000 r 


5,000 1/37d, opposing 8 


cm. circular ports 


6,500 r/sod, opposing 12 
X15 cm, ports reduced to 
5X7 cm. after 5,000 r 


6,400 r/48d, opposing 
8X 10 cm. ports reduced 
to 6X8 cm. after 5,000 r 


Tumor Control 


not controlled 


tongue and bilateral cervi- 
cal lymph node metastasis 






A.R. Moderately differentiated 

ด ae cell epithelioma 
of base of tongue with uni- 
lateral cervical lymph node 


involvement 


5,000 r/37d, 
9X15 cm. ports 


opposing 


CF. - EO cell epithelioma 
o 


hypopharynx and post- 
cricoid region 


cm. 


2 mo., partial 


6,000 r/sad, 3 ports 6X8 | not controlled 


Complications 


not controlled | died at 3 mo. with per- 


sistent disease 


nonc 


laryngeal edema and 
hearing loss 


22 mo. living at 22 mo. 


dead at 9 mo. with per- 
sistent disease 


7 mo., partial none 


dead at 6 mo, of metasta- 
sis and persistent disease 


not controlled none 


necrosis of alveolar 
ridge 


dead at 8 mo. of persistent 
disease 


dead at 5 mo, of persist- | none 


ent disease 





dead at 3 mo. of per- | none 


sistent disease 





RESULTS 


Immediate tolerance to the massive 
doses was generally excellent. Three pa- 
tients in the nonrandomized series (Table 
1) developed facial edema accompanied by 
pain or discomfort within 24 hours of the 
initial dose. This resulted in discontinu- 
ance of treatment in 2 patients and modifi- 
cation of the treatment schedule in the 
third. All 3 had had extensive radical sur- 
gery, including neck dissections prior to 
radiation therapy. Interruption of normal 
lymphatic drainage pathways was pre- 
sumed to be an important factor respon- 
sible for the sudden onset of edema. 

Skin reactions were minimal and ranged 
from a mild erythema to a moderate dry 
desquamation. No moist reactions de- 
veloped despite the use of lucite bolus to in- 
crease the dose to the cervical lymph nodes. 


The mucosal reactions, on the other hand, 
were severe and in the group treated to 
3,250 r in 14 days were more or less equiva- 
lent to the reactions observed with 6,000 r 
in 6 weeks delivered by conventional tech- 
niques. A nearly confluent membranous 
mucositis was usually observed at the time 
of the third treatment which cleared by 3 to 
4 weeks following completion of therapy. . 

In the randomized series of the massive 
dose group (Table 11), 1 patient (H.H.) did 
not receive the planned third dose of 1,000 
r because of the severe mucosal reaction 
and had to be hospitalized for treatment of 
severe discomfort ànd dehydration. An- 
other patient (J.F.) had the third treat- 
ment reduced to 800 r instead of the 
planned 1,000 r because of the severity of 
the mucositis. 

Three patients underwent radical neck 
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dissections approximately 7 weeks follow- 
ing completion of massive dose radiation 
therapy without difficulty in healing al- 
though the line of resection was partly 
through the irradiated field. A fourth pa- 
tient (K.T.) required resection of locally 
recurrent tumor as well as a radical neck 
dissection 4 months following completion 
of irradiation with no undue postoperative 
difficulty. 

Tumor control appears to be more satis- 
factory in those patients treated with the 
massive dose technique when compared 
with the more conventionally treated group 
of patients. In the nonrandomized series, 
there are 12 patients of whom 4 had com- 
plete disappearance of all detectable tumor 
from 4 to 22 months. One of these had a 
local recurrence after 4 months. Three died, 
one at 8 months (of a second primary), one 
at 10 months (of suicide), while the third 
was alive at 22 months without local re- 
currence but with metastases and died at 
24 months, presumably of metastases. 
Three patients had partial control, as 
evidenced by reduction in tumor size for 
g weeks to 5 months. Four patients had 
no evidence of tumor effect but 3 of these 
developed edema after the initial dose and 
the contemplated plan of therapy was not 
carried out. One patient could not be 
evaluated but was still alive 22 months 
after irradiation. 

In the randomized series treated with 
the massive dose technique (Table 11), 6 of 
8 patients showed disappearance of tumor; 
two of these recurred locally at 2 and 3 
months, respectively. Two patients died 
without local recurrence, 1 of metastases at 
ro months (A. McK.) and 1 at 54 months 
of a brain abscess which, in some way, 
may have been related to the destructive 
effect of the primary tumor. Two patients 
remain well and without evidence of dis- 
ease; I at 9 months and the other at 17 
months following irradiation, both having 
had radical neck dissection in addition to 
radiation therapy. 

Only 1 patient (J.L.) in the series 
treated by the conventional technique 
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(Table 111) has had a sustained control of 
the primary lesion (and bilateral cervical 
lymph node metastasis). Two patients 
have shown evidence of partial cóntrol for 
2% and 7 months, with renewal of tumor 
growth after initial effect. Radiation ther- 
apy failed completely in the other 4 pa- 
tients. 

Late complications have not been out of 
the ordinary, either in frequency or sever- 
ity. In the patients treated with massive 
doses, 1 patient (M.F.) had a mucosal 
necrosis of the gingiva which had essen- 
tially healed by 6 months with conserva- 
tive management. The patient with the 
large antral tumor (J.F.) developed facial 
edema in the treated region. In the con- 
ventionally treated patients, 1 developed 
bilateral hearing loss and laryngeal edema 
and another had mandibular necrosis. 


REPORT OF CASES 


J.F. P.H. #157-43-85 (The author is grateful 
to Dr. Bernard Roswit, Chief of Radiation 
Therapy, Veterans Administration Hospital, 
Bronx, N. Y. for permission to report this case.) 
A 45 year old white male was referred for radi- 
ation therapy, having noted “soreness” of the 
right cheek about 8 months before, in Novem- 
ber, 1961. Two months later swelling of the 
rght cheek was noted. Antrotomy was per- 
formed elsewhere in April, 1962 with removal of 
a tumor which histologically was classified as 
squamous cell carcinoma, invasive, Grade r1. 

There was marked swelling and erythema of 
the right cheek with edema of the infraorbital 
tissues (Fig. 1). The right eye was partly 
closed, due to the edema. Ulceration of the skin 
over the antrum, secondary to tumor growth, 
was noted in several areas. A hard, nodular 
growth was present in the buccal alveolar sul- 
cus on the right. There was no lymphadenop- 
athy. Weakness of the left 6th cranial nerve 
was noted. 

Roentgenograms disclosed a large soft tissue 
mass in the region of the right antrum, with 
destruction of the antral roof. Bone destruction 
extended posteriorly to include the ethmoid 
and sphenoid sinuses. 

Radiation therapy was administered on the 
betatron at the Columbia-Presbyterian Medical 


Center from June 14 to June 28, 1962, through 
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an anterior 8X10 cm. port with 2 em. lucite 
bolus and a lateral 10X10 em. port with 1 cm. 
bolus. A lead shield protected the right eve on 
the lateral port and the eve was left uncovered 
bv bolus with the anterior port. The anterior 
port was given 1,250 r tumor dose on June 14 
and the lateral port was used for the subse- 
quent two treatments of 1,000 ron June 21 and 
soo ron June 25. The dose was reduced from a 
planned 1,000 r on the last date because of a 
severe mucosal reaction. 

At the date of the second treatment, a mild 
skin erythema and mucositis were present 
(Fig. 2, . ร ์ and B). No change in tumor size was 
apparent. Marked mucositis and some degree 
of tumor regression was noted on the date of the 
last treatment. 

Eleven days later the tumor mass had re- 
gressed so that the cheek was about normal ex- 
cept for a few edematous blebs where erosion 
had been seen before (Fig. 3, Æ and B), and a 
mild erythema. The eve could be opened to the 
full normal extent. Marked membranous 
mucositis was still present but no intraoral 
tumor could be seen. 

At 10 weeks the mucositis had disappeared. 
Atrophy and early telangiectasia of the skin 
and edematous blebs were still present, as well 
as edema of the right lower lid. Depression and 
puckering of the skin were noted in the right 
infraorbital region (Fig. 4, 7 and B). 

The patient did not keep follow-up appoint. 
ments regularlv, but he was seen again Novem- 
ber 8, 1962, with ulceration of the skin of the 
cheek and an oral antral fistula. Marked edema 
was present about the right eve. The patient 





Fic. 1. Patient J.F. with right antral tumor before 
radiation. therapy. Note marked facial swelling, 
edema and ulceration of skin. 
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Fic. 2. (4 and B) J.F., 1 week after first treatment, 
Essentially no change after a single dose of 1,250 
r to the tumor. 


was admitted elsewhere in December, 1962, 
where he expired on December 14, 1962. 
Autopsy revealed the cause of death to be a 
large abscess involving the right temporal lobe 
of the brain. No gross tumor was seen but 
microscopic sections were not vet available at 
the time of this report.* 


W.T. P.H. 4157-72-54. The patient, a 73 
vear old white retired bank clerk, first noted 
"soreness" in the right side of his throat in 
January, 1952. Because of continual pain, he 
saw a physician in April and a biopsy specimen 
was taken which showed a moderately well 
differentiated squamous cell epithelioma of the 
right tonsillar fossa. He was then referred. to 
the combined Tumor Clinic of the Columbia- 
Presbyterian Medical Center for further evalu- 
ation and therapy. 


* This patient has subsequently died of distant metastases 
with the primary site free of tumor. 
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lic. 3. Gf and B) J.F., 1: days following last radi- 
ation treatment. There has been marked regression 
of the mass. The ulcerations of the skin are healing. 


On physical examination, a large, firm, raised 
mass was seen arising primarily from the ante- 
rior tonsillar pillar, extending to the retromolar 
area anteriorly and to the pterygomandibular 
raphe and the base of the tongue posteriorly. 
A firm, 2 em. digastric lymph node on the right, 
as well as several smaller posterior cervical 
lymph nodes were palpable. 

Radiation therapy, to be followed by a radi- 
cal neck dissection, was thought advisable. 
Radiation therapy was given on the betatron 
from April 1g to May 3, 1962. A total tumor 
dose of 3,250 r was delivered in 3 treatments, 
spaced 1 week apart, through opposing 6X8 cm. 
portals with 1 em. lucite bolus used on the right 
side. By completion of therapy, the digastric 
Iymph node had decreased to 1 em. and radia- 
tion mucositis and epidermitis were present. 
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Five days following completion of therapy, 
the digastric lymph node and the tonsillar 
lesion had disappeared with only mild indura- 
tion at the lateral border of the tongue in the 
tumor area, At 4 weeks, the radiation mucositis 
had disappeared. 

A right radical neck dissection was performed 
June 26, 1962. Thirty of £3 excised lymph nodes 
were found to be involved by metastatic squa- 
mous cell epithelioma, No complications devel- 
oped and the patient was discharged on the 12th 
postoperative day. 

The patient has been followed in the out- 
patient department and remains free of clinical 





Vic. 4. Gf and. B) J.E., 10 weeks following radiation 
therapy. Edema of treated area is present, There is 
no evidence of tumor but puckering of skin has 
occurred at site of previous tumor Involvement. 
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evidence of disease 9 months following comple- 
tion of radiation therapy.* 


M.F. P.H. £154-50-57. This 77 vear old white 
man was referred for radiation therapy after 
having noted “soreness” of the left lower gum 
for 1 month. A biopsy specimen obtained else- 
where was interpreted as squamous cell car- 
cinoma, moderatelv differentiated. 

On physical examination, a 6 cm. exophvtic, 
centrally ulcerated tumor was seen involving 
the left tonsil, both pillars and extending to in- 
clude the palate, floor of the mouth, base of 
tongue and gingiva surrounding a 2nd molar 
tooth still fz situ (Fig. $). A 2 cm. lymph node 
at the level of the angle of the mandible and a 1 
cm. lymph node in the mid-cervical region were 
noted. 

Review of the biopsy specimen was reported 
as invasive, well differentiated squamous cell 
epithelioma. Roentgenograms of the mandible 
and chest were negative. 

Radiation therapy with the betatron was 
given through lateral opposing 8 cm. circular 
ports from August 24 to September 7, 1 961. 
One cm. of lucite bolus was used on the left 
port. A total tumor dose of 3,240 r was given in 
3 fractions, spaced one week apart. 

At completion of therapy, an intense mem- 
branous mucositis was present (Fig. 6). There 
was marked but incomplete regression of tumor 





Fic. 5. M.F. before treatment. Tumor involves 
tonsil, soft palate, gingiva and floor of mouth. 


Eg “ RUE : i ` 5 p 
Subsequent report states that no microscopic evidence of 
malignancy was found although complete examination of the 
antrum was precluded by extreme friability of the bone structures, 
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Fic. 6. M.F, at date of last treatment. Marked re- 
gression of tumor is apparent as well as the pres- 
ence of a marked membranous mucositis, 


and some decrease in size of the upper cervical 
lymph node. The tumor had virtually dis- 
appeared at 21 days, although some mucositis 
persisted (Fig. 7). Seven weeks following com- 
pletion of radiation therapy, a left radical neck 
dissection 


in February, 1963, 17 months after completion 
of radiation therapy (Fig. 8). 


DISCUSSION 
A basic factor to be considered in a dis- 
cussion of fractionation in radiation ther- 
apy is the rate of recovery of cells, both in 
normal tissues and in tumors, following an 
exposure to radiation. E 


efficiency of irradiation when administered 
with increasing fractionation.! When the 
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lic. 7. M.F., 3 weeks following completion of radi- 
ation therapy. Mucositis is still present. The tumor 
has virtually disappeared. 


extrapolation number is 1, no recovery IS 
indicated and the surviving fraction after 
a given dose of radiation is the same 
whether the dose is given in one or more 
than one increment. This situation holds 
true for high LET radiation? and question- 
ably in an anoxic environment? 

Models have been devised to indicate 
what order of radiation dose is required to 
sterilize tumors of various sizes. 1^ 51* [t is 
clear that lower total doses are required 
when fewer fractions are given, provided 
the doses are spaced less than one genera- 
tion-time apart. These analyses consider 
only the direct cellular effects of radiation. 
Indirect effects, host factors and normal 
tissue reactions are also important but 
difficult to evaluate. 

The concept of therapeutic ratio 1n- 
volves recoverv factors in normal tissues as 
well as in tumor cells. These have been 
thoroughly discussed by DuSault*? on the 
basis of work performed by herself and 
other investigators. Those normal tissues 
which receive radiation doses as high or 
higher then the tumor cells are limiting fac- 
tors in radiation therapy. As higher energy 
beams have become available for clinical 
work, the normal tissue reactions which 
must be considered limiting factors have 
changed. Formerly, because of lower pene- 
trability of the beam generated by 200-250 
kv. peak equipment, the skin frequently 
received a radiation dose as high or 
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higher than the deeply situated tumors. Be- 
cause of increased absorption in bone, 
necrosis is a hazard more likely to be en- 
countered with these orthovoltage radia- 
tions. Even with supervoltage radiations in 
the 1-3 mev. range, certain structures, such 
as the spinal cord and subcutaneous tissues 
may receive higher doses than the tumor 
tissue. 

Systemic effects partly due to scattered 
radiation can limit the size of a single dose 
of radiation. With high energy beams, side 
scatter and integral dose have been re- 
duced and larger single doses have been 
better tolerated. In a study such as this, 
the roentgen-ray beam of the betatron at 
22.5 mev. is ideal. There is essentially no 
side scatter, bone absorption is at close to 
the minimum (except for that due to pair 
production) and the highest dose in tissue 
is almost always at the tumor site. Homo- 
geneity is excellent. These factors have an 
important bearing on the expected inci- 
dence of complications. 

With the stimulus provided by knowl- 
edge gained from recent biologic studies and 
the availability of improved equipment, it 
seems reasonable to re-examine the ques- 
tion of optimum fractionation for radiation 
therapy of human malignancy. Many vari- 
ations are possible and in this study the 
interval between treatments was selected 
on an empirical basis dictated by practical 
requirements. It may be probable that 
some other form of treatment fractionation 
schedule will be better or that the optimum 





Fic. 8. M.F., 17 months after radiation therapy. 
No tumor can be seen. 
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schedule may differ for various histologic 
ty pes or individual tumors. Some attempts 
have been made to define this optimum 
schedule,*!*5 but no practical method is 
available at the present time. 

The dosage schedule which has been 
selected is the result of the observation of a 
large number of patients treated to various 
total doses. It is believed that the dose of 
3,250 r in 14 days given in 3 fractions is 
biologically equivalent to doses in the range 
of 6,000 r in 6 weeks given with daily frac- 
tionation, so far as the immediate mucosal 
reactions are concerned. In a studv by 
Sambrook ef a/.,* where various treatment 
schedules were used, the superioritv of 
twice a week fractionation to daily treat- 
ment at least for breast carcinoma was 
demonstrated. Necrosis developed with 
once a week fractionation but the same 
total dose of 4,000 r in 4 weeks was given as 
in the more frequent fractionation schedule. 
Itis possible that as good a cure rate with 
less necrosis might have been obtained with 
a lower total dose. 

One might expect a higher incidence of 
complications with this once a week sched- 
ule, which is contrary to the treatment 
methods in general use based on vears of 
clinical experience. This would be accepta- 
ble if the severity and number of complica- 
tions are not too great and if the cure rate 
can also be increased. In this series, compli- 
cations have not been excessive; in fact, 
they have been surprisinglv low to date. It 
is preferable to keep the treatment fields as 
small as possible and to avoid the spinal 
cord. The central nervous svstem and intes- 
tinal tract are very sensitive to these mas- 
sive doses. After extensive radical surgery, 
the method is to be avoided, even with 
small fields, because of edema secondarv to 
inadequate lymphatic pathways. The re- 
sults, so far, are preliminary because of the 
small number of patients and heterogene- 
ity of the material, as well as the short 
follow-up period. What has been demon- 
strated is that these large doses are immedi- 
ately well tolerated, that complications 
seem to be at an acceptable level, and what 
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appears to belong term control of advanced 
primary lesions has been achieved in several 
instances. Extreme caution, however, must 
be observed in interpreting these very early 
results. 

Should this method prove superior or 
even equal to presently accepted modes of 
fractionation it offers some very definite 
advantages. It requires less traveling for 
patients who live at some distance from the 
radiation facilities and the necessity for 
hospitalization is diminished. More time is 
available to treat more patients on super- 
voltage equipment. It is more economical, 
so far as cost of treatment, travel expenses 
and hospitalization are concerned. In palli- 
ative situations, less of the patient’s remain- 
ing life-time and resources are involved in 
radiation therapy. 


CONCLUSIONS 


I. A series of patients treated on a once a 
week irradiation schedule with supervolt- 
age equipment has been presented. 

2. The feasibility of this treatment 
schedule has been demonstrated. Compli- 
cations have been at an acceptable level and 
short term results indicate a favorable 
response. 

3. Several advantages of the method 
have been considered. 

4. Further studv is necessary before this 
method can be accepted on more than an 
experimental basis. 


Medical Department 
Brookhaven National Laboratory 
Upton, Long Island, New York 


The author acknowledges his gratitude to 
Dr. Maurice Lenz for his assistance and en- 
couragement. 
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‘CLUSION OF THE SYMPOSIUM ON 


PROTRACTION AND FRACTIONATION* 


By FRANZ BUSCHKE, 


M.D. 


SAN FRANCI SCO, CALIFORNIA 


A | suggested in the Introduction, cer- 
tain clinically useful tentative conclu- 
sions appear possible. 

First, there appears to be little doubt 
that sulticient prolongation of the over.all 
treatment time is the most important factor 
from the point of view of preservation of 
normal tissues, particularly of vasculo- 
connective structures. From our own ex- 
perience, initiated and supported by Ba- 

clesse's earlier analyses, it would seem that, 
from this point of view, the critical time is 
around 6 weeks. It appears that by prolong- 
ing the over-all treatment time to more 
than 6 weeks we can avoid almost all un- 
desirable damage to the vasculo-connective 
tissue and in this way eliminate most of the 
late sequelae of radiation therapy. I have 
documented this from our own experience 

elsewhere. 

Second, it becomes increasingly certain 
that such prolonged treatment does not 
significantly alter the possibilitv of control- 
ling the tumor, at least as far as epidermoid 

carcinoma is concerned. This, then, would 
mean that the prolongation of over-all 
treatment time Is one of the most impor- 
tant factors for increasing the differential 
between effect on the tumor and effect on 
the vasculo-connective tissue. The aware- 


* Presented at the Forty-fifth Annual Meeting of the American Radium Society, San Francisco, California, April 
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ness of this situation and its increasingly 
common utilization, it seems to me, are 
probably the greatest progress radiation 
8 has made during the last decade. 
Third, in comparison to the importance 
of the over-all duration of therapy, details 
of fractionation during such protracted 
periods of over-all time appear to be of less 
Importance, and can therefore be sukordi- 
nated and in part adjusted to practical and 
economic considerations without jeopard- 
izing the results. It seems that we are 
permitted to draw this verv tentative con- 
clusion and proceed with further i investiga- 
tions based on this conclusion. 

1 should like to add one remark with 
regard to the split-course technique: obser- 
vations in a number of instances have e sup- 
plied us with some marginal, and not ini- 
tially intended, interesting advantages. We 
have seen regressions of tumor after the first 
part of the split course which had not been 
expected at this dose level (around 3,000 r). 
This seems to be i important from the point 
of evaluating the synergistic effect of radia- 
tion therapy and chemother rapy which has 
become so fashionable in recent times. 
University of California 
San Francisco Medical Center 


San Francisco 22, California 


1-4, 1953. 
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RESULTS OF ULTRAFRACTIONATION RADIATION 
THERAPY IN BREAST CARCINOMA* 


By M. ARCHAMBAULT, M.D., M. L. GRIEM, M.D., and D. J. LOCHMAN, M.D. 


CHICAGO, ILLINOIS 


EGINNING in 1952, postoperative 


radiation therapy of carcinoma of the 


breast was modified at the University of 


Chicago Clinics to a technique employing 
the principles of ultrafractionation. Bac- 
lesse! and Lenz!’ had reported their experi- 
ences with this approach. A preliminary 
study was presented by one of us!'P in 
1955. In 1956, this ultrafractionated ap- 
proach was adopted at Columbus Hos- 
pital, and this group is included in this 
studv to answer the question of applicabil- 
ity of such a technique in general practice. 


METHODS AND MATERIALS 


Between January 1, 1952, and December 
31, 1959, there were 168 female patients 
referred for postoperative radiation therapy 
of whom 131 patients were from The Uni- 
versity of Chicago Clinics and 37 from 
Columbus Hospital. All patients had had a 
radical mastectomy, none gave evidence of 
distant metastasis and all were in apparent 
good health. Included in the results as 
failures are all patients: who did not finish 
therapy because of medical complications 
such as hepatitis (8); who died during 
therapy (5); who refused further treatment 
(3); who died of intercurrent disease (8); 
and who were lost to follow-up (2). 

The radical mastectomies were per- 
formed bv various surgeons, including res- 
idents in training. No standardized criteria 
of operability (such as those of Haagensen 
and Stout^?) were followed. 


STAGING AND SELECTION OF CASES 


The staging is based on a mixed classifi- 
cation utilizing both clinical (Portmann) 
and pathologic data and is as follows: 


Stage 1—Localized lesion without skin 
involvement or fixation; no 
movable lymph nodes 

Stage u—Movable localized lesion in 


breast with skin not involved 
or only slightly edematous or 
ulcerated over tumor, tumor 
cells in axillary lymph nodes 
Stage m1—Tumor diffusely infiltrating 
breast with fixation of tumor 
to chest wall or breast, or 
edema of breast or secondary 
tumor nodules; axillary lymph 
nodes may be fixed; no evi- 
dence of distant metastases 
Stage 1v—-Tumor and skin as above, but 
supraclavicular lymph nodes 
involved or distant metastases 


As the surgeons referred largely patients 
with histologic evidence of lymph node in- 
vasion, there is a predominance of Stage r1 
cases. Cases were distributed as shown in 
Table 1: Stage 1, 34; Stage 11, 121; Stage 
HI, 7; Stage iv, 2. All had evidence of 
supraclavicular metastases. The patients' 
ages ranged from 20 vears to 80 vears with 
the majority being between 40 to 5o years, 
as shown in Table 11. 


TABLE Í 


STAGE DISTRIBUTION 


University n 
” Columbus 








Total Es hicago Hospital 
linics 
Unclassified 4 4 ๐ 
Stage I 34 14 20 
Stage Il 121 107 14 
Stage III 7 4 3 


Stage IV 2 2 ๐ 





* From the Department of Radiology, The University of Chicago, and the Argonne Cancer Research Hospital, and The Columbus 


Hospital. 


Presented at the Forty-fifth Annual Meeting of the American Radium Society, San Francisco, California, April 1-4, 1963. 
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TABLE II 


AGE DISTRIBUTION 





University 








T spite Columbus 
Decade Total of Chicago ว 
uo Hospital 
Clinics 
20-29 2 I J 
30-39 32 23 0 
40749 53 42 II 
50=59 45 39 6 
60-69 26 20 6 
J0-- IO 6 4 








TREATMENT TECHNIQUE 


Treatment was started about 10 to 14 
days after surgery and was given to the 
adjacent lymph nodes, ze, the internal 
mammary, axillary, supraclavicular and 
infraclavicular, and the inferior cervical 
lymph nodes as well as the chest wall. Five 
portals were used as shown in Figure 1: (1) 
a single anterior sternal field including both 
internal mammary chains and all inter- 
costal spaces; (2) a field, without bolus 
material, with radiation applied tangential- 
ly from the medial and lateral sides of the 
patient, arranged to encompass the chest 
wall, extending laterally from the mid- 
axillary line, medially to the adjacent 
lateral margins of the internal mammary 
chain, superiorly to the inferior margin of 
the shoulder portal (described below), and 
inferiorly to the lower extent of the incision. 
The treatment set-up for the lateral tan- 
gential port is shown in Figure 2; (3) ante- 
rior and posterior fields, also without bolus, 
cross-firing and encompassing the supra- 





Fic. 1. Photograph showing the portal areas of the 
sternum, chest wall and anterior supraclavicular 
region. 
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Frc. 2. Photograph showing the treatment set-up 
of the lateral tangential chest wall. 


clavicular and infraclavicular, axillary and 
lower cervical areas. The arm was elevated 
and extended so that the supraclavicular 
and axillary areas were on the same plane, 
as shown in Figures 3 and 4. 

The planned tumor dose was 6,000 rads 
throughout the thickness of the chest wall, 
to the lymphatic tissue of the shoulder area 
and the base of the neck, and 4,500 rads to 
the internal mammary lymph nodes. This 
dose was delivered with daily increments, 
5 or 6 per week, in an over-all period of 11 
to I4 weeks. 

The technical factors at the University of 
Chicago were 250 kv. focus skin distance 
5o cm., half value layer 1.5 mm. Cu to the 
chest wall, half value layer 3.0 mm. Cu to 
the other two fields. At Columbus Hospital 
telecobalt was used at a source skin dis- 
tance of 80 cm., treating the anterior 
shoulder field, the posterior field being 
omitted. Initially, telecobalt was also used 
for treating the sternal field at a source skin 
distance of 56 cm., but because of the fre- 





Fic. 3. Photograph showing the treatment portal 
of the anterior supraclavicular area. 
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Fic. 4. Photograph showing the treatment portal 
of the posterior supraclavicular area. 


quency of troublesome esophageal and 
tracheal symptoms and the occurrence of 2 
cutaneous recurrences, this was discon- 
tinued and conventional roentgen therapy 
was resumed. Prophylactic castration by 
irradiation or surgery was performed on 117 
patients who were either still menstruating 
or within 6 years of the menopause. 


COMPLICATIONS 


Immediate morbidity with this technique 
was seen in 17 patients. Ten patients ex- 
perienced a severe dry epidermitis, 6 a wet 
epidermitis and lymphangitis occurred in I. 
Another complication noted during the lat- 
ter part of the treatment course, often 6 to 
8 weeks after completion of the therapy, 
was a mild to severe radiation pneumonitis 
in 13 patients. This responded readilv to 
antibiotic or expectant therapy. There was 
no permanent disability. Early in the series, 
treatment was given to the supraclavicular 
portals with the arm at the side and with 
bolus; however, after revision of the field 
with extension and elevation of the arm and 
removal of bolus from these areas so that 
less lung tissue was included in the irradi- 


ated block, the incidence and severity of 


this complication decreased. Routine chest 
roentgenograms following therapy showed 
a minimal to a moderate degree of apical 
fibrosis. 

In 4 cases nonmalignant ulcers occurred 
in the irradiated breast portal. One re- 
quired surgery and grafting; another healed 
slowly with conservative management. The 
remaining 2 cases are of recent onset. 


Griem and D. J. Lochman 
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RESULTS 


Survival curves derived by the actuarial 
method of Berkson and Gage? show 70.1 
per cent 3 year survivals, 54.3 per cent 5 
vear survivals and 41.6 per cent 1O year 
over-all survivals (Fig. 5). Little difference 
was noted between the survival curves of 
The University of Chicago patients and 
those at Columbus Hospital; therefore, 
both groups are considered together. At the 
time of the last follow-up, 7o patients were 
symptom free, 2 were ill without neoplasm, 
to were ill with neoplasm, and 7 were alive 
but their condition was unknown. 

The second facet of the study was the 
evaluation of local recurrence. Only 8 
patients developed histologically proven 
recurrences in a treated area, 7 on the chest 
wall (4.1 per cent), 2 in the supraclavicular 
fossa (1.2 per cent) and 1 in the axilla (0.6 
per cent). These patients were treated by 
surgery and/or chemotherapy rather than 
by further radiation therapy. Two of the 8 
are still alive with disease. 


DISCUSSION 

Untreated breast cancer patients have an 
18 per cent § year survival rate from the 
onset of symptoms, as reported recently by 
Bloom et al confirming Daland* and 
Greenwood's statistics. About 3.8 per cent 
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Fic. 5. Survival curve with standard deviation of 
the patients treated by postoperative ultrafrac- 
tionated radiation therapy. 
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of these survive 10 years without treat. 
ment. Using these results as a base line, it is 
a challenge to the clinician to increase sur- 
vival. 

Halstead and Willy M ever introduced 
the radical mastectom v in 1886 and re- 
ported a 28 per cent £ vear survival. Subse- 
quently, further improvements have been 
reported with these operative approaches 
which currently can be divided into 4 pri- 
mary attacks: (1) radical mastectom v with 
en bloc dissection of breast tissue and axil- 
lary lymph nodes; (2) radical mastectomv 
with dissection extended into the internal 
mammary and supraclavicular a reas; (3) 
simple mastectomv with radical radiation 
therapy; and (4) radical mastectomy and 
postoperative radiation therapy, 

The over-all survival ra te, as reported by 
Haagensen and Stout, using their criteria 
of operability and radical mastectomy is 
47.2 per cent; Urban” with selection and an 
extended radical mastectomy reports 66 
per cent; using simple mastectomy, as re- 
cently reported by Kennedy and Miller,’ 
resulted in an over-all § vear survival rate 
of 4$ per cent; MeWhirter? with simple 
mastectomy and radiation therapy had a 
47 per cent 5 year survival for his entire 
group, and 58 per cent for the operable 
cases; while DeMoor et 47? and others using 
radical mastectomy and postoperative radi- 
ation therapy report a 45.5 per cent sur- 
vival rate. Our over.all § year survival rate 
is 54.3 per cent (Table 1). 

Of note is the control study bv Kaae and 
Johansen? of extended radical m astectomy 
versus the McWhirter method of treat. 
ment, which demonstrated no significant 
difference in over-all survival between 
Stage 1 (67 per cent) and Stage 11 (69 per 
cent) patients. 

A comparison of the incidence of local 
recurrence after radical mastectomv and 
after various irradiation or surgical ap- 
proaches is of interest. With the standard 
Halstead procedure, the skin flaps may be 
the site of cutaneous recurrence with an 
incidence reported as high as 4$ per cent in 
the series of Peterson and Krippaehne™; if 
skin grafts were used, the incidence was 
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Taser TH 
RESULTS OF TREATMENT IN OPERABLE PATIENTS 


: " Year 
No. of 5 


Patients Survival 
(per cent) 
Kennedy and Miller? a 45 
Urban: 200 bb 
McWhirter! 1,063 58 
DeMoor et al? 343 rus 
kaae and Johansen’ 
MeWhirter Method 187 57 
Extended Method 150 69 
Present Series 168 £4.3 


reduced to 28 per cent in their hands. Other 
authors report between 12 per cent and 23 
per cent recurrences with various ap- 
proaches. Kaae and Johansen? noted a 1o 
per cent recurrence on the chest wall and 
13 per cent in the axillary region with 
radical surgery alone. DeMoor e a/5 report 
22 cases of 165, or 13 per cent, and 13 cases 
of 68, or 19 per cent, with chest wall re- 
currences when this area is not irradiated. 
With adjuvant radiation therapy, this was 
reduced to $ per cent. Our series shows 4.2 
per cent chest wall recurrences and com. 
pares favorably with that of DeMoor ef al 
(Table rv). 


SUMMARY 


I. A group of 168 patients drawn from 
private practice and from a University 
practice was given radiation therapy by an 
ultrafractionation technique following radi- 
cal mastectomy where residual regional 
disease was suspected or proven. 

2. The over-all survival rate at 5 vears 
was $4.3 per cent, 

3. Cutaneous recurrence on the chest 
wall was noted in 4.2 per cent and regional 
Iv mph node recurrence in 1.7 per cent of the 
patients. These figures are more favorable 
than those reported when surgery alone 
was used and comparable to the results 
obtained with short courses of radical radi- 
ation therapy. 

4. Morbiditv was appreciably less and 
patient comfort considerably greater than 
reported in patients given short courses of 
radical radiation therapy, 
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INCIDENCE OF CHEST WALL AND REGIONAL LYMPH NODE RECURRENCE 





Chest Wall Regional Lymph 
(per cent) Nodes (per cent) 


แน น น ร ไร แต น ร แร คน นร น ร ค ส ห ละ ร ร ก ศศ ศร ท — 
ท อ อ อ ต แร ล 


Kaae and Johansen? = McWhirter Method 7 8 
Extended Method 10 13 


DeMoor et a£? Surgery Alone (165 Patients) (29) 13 (7) 4 
Peripheral Field and Chest Wall Irradi- 

ation (11) 
Peripheral Field Irradiation Only (68 

patients) (13) 19 (3) 4 
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Present Series (168 Patients 
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DESCRIPTION OF A METHOD AND RESULTS OF 
IREATMENT OF BREAST CARCINOMA WITH 
COBALT 60 TELETHERAPY* 


By GEORGE P. KOECK, M.D., LILLIAN E. JACOBSO? 





5 M.A., and 


WILLIAM R. HILLSINGER, B.S. 


NEWARK, NEW JERSEY 


1^ THIS paper a method of treating 

breast carcinoma by a radiation tech- 
nique which is a modification of that used 
by McWhirter!’ is described. Methods of 
radiation therapy vary with the philosophy 
of treatment. One method is to treat only 
the clavicular-axillary and internal mam- 
mary lymph nodes. In some institutions no 
postoperative therapy is administered. In 
others, tissue doses of 2,000 r to 6,000 r 
may be given in 2 to 10 weeks. Many 
irradiate postoperatively only when the 
axilla has been involved. Since the avenues 
of cancer spread from the breast are multi- 
ple and unpredictable, we feel that all pos- 
stble local pathways should be irradiated. 
Our method is to treat the lower cervical 
chain of lymph nodes, the clavicular- 
axillary and internal. mammary lymph 
nodes, and the chest wall as a unit. 

One finds a variation in the incidence of 
skin recurrences ranging from 1 5 to 41 per 
cent,*^^? depending on the stage of disease 
and the surgical procedure. Local direct 
spread to the pleura occurs especially with 
fascia fixed masses. Urban,” and Handlev 
and Thackrav? have shown the frequencv of 
metastatic disease in the internal mamma rv 
chain to be 12 to 48 per cent. When the 
axilla is positive, these lymph nodes are in- 
volved in 48 per cent of cases and, when the 
axilla is negative, in 10 to rg per cent of 


rys 


channels. There is no way of knowing how 
frequently cancer cells spread through the 
intercostal pathwavs to the spine, skull or 
pleura, or how often there is blood borne 
dissemination. There is no test to indicate 
whether one is dealing with local disease 
or generalized carcinoma even when the 
roentgenographic findings are negative and 
there are no evident metastases. 

One must therefore treat those sites most 
frequently involved, hoping that the dis- 
ease process is still localized. In radiation 
therapy the aim is to sterilize or contain 
metastatic sites without producing any sig- 
nificant complication in the adjacent nor- 
mal tissues. To do this, an effective tumor 
dose is necessary in a specific treatment 
time. 

An analvsis of 112 cases treated and fol- 
lowed from April, 1957 to May 1, 1962 is 
made as to stage, survival time, incidence 
and initial roentgenographic appearance of 
pulmonary changes and their clinical 
course, ettects on lymph nodes, skin nodules 
and arm edema. The frequency of skin 
metastases and lung metastases Is reported. 


METHOD 


The method of treatment consists of ir- 
radiating the supraclavicular and axillary 
lymph node areas through two opposing 
ports, and the internal mammary lymph 
chains with the chest wall including the 
scar area through two tangential ports. 

The anterior clavicular-axillary port ex- 
tends from ร cm. past the midline on the 
contralateral side to a line on the upper 
arm just past the axilla of the ipsilateral 
side. The upper margin of this field extends 


* From the Radiation Therapy Department of the Presbyterian Hospital Unit of the United Hospitals of Newark, Newark, New 


Jersey. 
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Fic. 1. Set-up for anterior supraclavicular-axil- 
lary port. 


from the mid-cervical Ivmph node area 
along the superior part of the shoulder to 
the upper arm outside the axilla. The lower 
margin goes across the chest wall and in- 
cludes the axillary region. When outlining 
and treating this field, the arm of the pa- 
tient is extended at right angles to the 
body. The size of the field may vary from 9 
by 20 cm. to about 11 by 25 cm., according 
to the size of the patient. The set-up of the 
patient is shown in Figure 1. The larynx 1S 
protected by a lead block. In order to have 
uniform irradiation, the axillary area is 
bolused with rice bags as shown in Figure 2. 
If there are any skin nodules, a laver of 
bolus about 1 cm. thick is used to cover 
these; otherwise, the skin nodule near the 
surface may receive only about one-third of 
the maximum dose. 

The posterior supraclavicular-axillary 
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port starts on the ipsilateral side of the 
spinal cord and then covers the same region 
as the anterior port (Fig. 3). Here, too, the 
axillary area is filled with rice bolus bags. 
The lateral mark for the tangential fields 
is made so as to include all the lower axil- 


which goes through the bottom of the scar 
line, a distance of about 15 cm. in the 
average patient and 20 cm. in a large pa- 
tient. 

In order to find the line of entry for the 
medial tangential port, a chest contour 
through the midplane of the tangential 
fields is made. This generally cuts the pa- 
tient through the nipple of the contra- 
lateral breast. Two thicknesses of Johnson 


and on the contour, a midline is drawn over 
the sternum from the manubrial notch to 
the xiphoid process. The intersection of 
this line with the contour and the inter- 
section of the lateral line with the contour 
are marked on the contour. The resin 
plaster hardens in about 5 minutes. It 1s 
then cut on both lateral sides, removed 
from the patient, and the cut edges are 
plastered together and allowed to dry. 
Figure 4 shows the contour being cut on the 
patient before removal. The plaster band- 
age contour is outlined on tracing paper 
and the central and the lateral reference 





Fic. 2. Set-up for anterior supraclavicular-axil- 
lary port using rice bolus bags. 


Fic. 3. Set-up for posterior supraclavicular-axil- 
lary port. 
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marks are designated. The anatomic limits 
of the internal mammary Iymph nodes are 
drawn on the tracing paper, 5 cm. lateral’ 
from the sternal center and 2 cm. deep. A 
line is then drawn from the lateral skin 
mark through the contralateral internal 
mammary lymph node and extended to 
the contour outline; this shows the edge of 
the tangential fields. The intersection with 
the contour outline marks the point of 
entry of the medial tangential field. The 
distance of this point from the central 
mark, which generally ranges from 7 cm. to 
9 cm., is measured and is transferred to the 
patient by marking off this distance with a 
tape measure from the midline previously 
indicated on the patient’s skin. Through 
this point a line perpendicular to the mid- 
plane of the patient is drawn. This then is 
the line of entrance and exit of the two 
opposing tangential fields. Figure 5 shows 
the contour on tracing paper; Figure 6 
shows the tangential fields outlined on a 
patient. 

The treatment set-up through the medial 
tangential field is shown in Figure 6. The 
treatment cone is placed on the medial line 
and the back plaque, after its crosslines 
have been lined up with those of the cone 
field, is placed on the lateral line so that the 
edge of each barelv touches a plane through 
the bottom of the supraclavicular-axillary 
port. The light device is used to help in this 
set-up. The patient stretcher is rotated so 
that the upper edge of the light field 1s con- 





Fie. 4. The plaster contour is cut on both 
lateral sides before being removed. 
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Vic. £, Contour is traced on tracing paper, showing 


the tangential fields and the point of entry and exit 
of the radiation, 


tiguous with the lower outline of the supra- 
clavicular-axillary port. 

In most cases a 10 by 15 em. plastic cone 
is used with a back plaque, the area of 
which is covered by a 10 by 15 cm. field at 
27 cm. from the cone, for our source skin 
distance of 80 cm. Twenty-seven centi- 
meters Is the average transverse distance 
between the two opposing tangential fields. 
The size of this plaque is determined by the 
ratio of the source skin distance and the 
source skin distance +27 cm. The outline 
of the field is given by the light device. For 
our apparatus the 30 per cent 1sodose line, 
as found experimentally, is along the light 
outline, and at 0.5 cm, within the light field 
the isodose value is so per cent. Since the 
supraclavicular and tangential light fields 
are made contiguous, the area between the 


Fic. 6. Set-up for medial tangential field. 
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Fic. 


. Set-up for medial tangential field using 
a bolus. 


two fields may overlap a few millimeters; 

in this case the dosage would be between 60 
and 100 per cent of the central dose. In our 
experience an increased reaction along the 
contiguous outlines of these ports has not 
been noted. Because of the uncertainty of 
this region we try not to have the line of 
contiguity drawn across known disease. 
Once the method of setting up for a partic- 
ular cobalt unit is understood, the position- 
ing of patients becomes a simple matter. 

After the patient is positioned for the 
medial tangential field, the back plaque is 
locked in place and rice bolus bags are used 
to fill in the space between the cone and the 
back plaque. Our bolus bags, 26 cm. X12 
cm., are made of washable plastic. The set- 
up with bolus is shown in Figure 7. 

In setting up for the lateral tangential 
field, the entering port is now at the lateral 
aspect of the patient and the exit port along 
the medial line. We turn our patient's 
stretcher around and then angle the radia- 
tion beam upward toward the same wall as 
for the medial port. The treatment cone is 
placed on the lateral line, with the back 
plaque on the medial line and the edge of 
the upper light field along the bottom out- 
line of the supraclavicular-axillary port. 
Here, too, the patient's stretcher is rotated 
so that the long axis of the stretcher 1s 
slightly off the perpendicular to the plane of 
radiation. beam. [n setting up the back 
plaque, the crosslines through i its center are 
matched to the crosslines of the field. Once 
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the patient has been set up, the back plaque 
can be rotated to serve as a holder for the 

bolus, which here, as for the previous tan- 

gential held, should fill the space between 
the cone and the back plaque. 


DOSAGE CALCULATION 


We deliver a daily dose of 200 r to the 
midplane of the two supraclavicular-axil- 
lary ports and to the midplane of the two 
tangential breast ports. Each port is 
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3,000 C-Co^? UNIT, OPPOSING PORT THERAPY 
TREATMENT TIME AND "SKIN DOSAGE CHART 
FOR 5O CM, SOURCE SKIN DISTANCE 


Time in minutes to treat each port in order to give 

ico r tumor dose from two opposing ports and "skin" 

dose, max. r, including exit for 100 r at midplane for 
period Oct. 1 1, 1960 to Dec. 31, 1960 
URS ke r/min, at 8o cm. eee 
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treated everv treatment dav. The total 
tumor dose in most cases is 4,600 r over a 
period of 30 to 32 days. 

The calculation of the time in which to 
give the required dosage is made easier bv 
the use of the Treatment Time and "Skin" 
Dosage Charts? for 80 cm. source skin 
distance. Such a chart for the period from 
October 1, 1960 to December 31, 1960 is 
shown in Table t. In order to deliver 100 r 
to the midplane of the supraclavicular-axil- 
lary field, the thickness of which is 14 cm. 
with an average area of approximatelv 200 
sq. cm., look at column 1 for a thickness 
of 14 cm., then follow this line to column s, 
where it 1s seen that the time required to 
give 100 r from the two opposing fields is 
3-03 minutes. The maximum or "skin" dose 
(really 6 mm. beneath the skin) for this 
time is 102 r. Since our daily midplane dose 
is 200 r, the time required to give this dose 
for each of the two opposing ports is 6.06 
minutes, The "skin" dose or maximum will 
then be 204 r. The exit dose is taken into 
account in the calculation of this table. 

The time required in treating the tan- 
gential ports is calculated in the same wav. 
To give 100 r to the midplane, look at col- 
umn 1 for a thickness of 31 cm. and then 
follow this line to the 200 sq. cm. column. 
The time shown is 5.27 minutes for each of 
the two opposing ports. For 200 r the time 
will be 10.54 minutes for each port. The 
maximum dose at the planes of entrance 
and exit will be 282 r. Because the dose 
varies from point to point along the 
tangential field, we record only the mid- 


plane dose for the two opposing tangential 
fields. 


Sometimes the anterior supraclavicular- 
axillary field is greater transversely than 
the largest field obtainable with our ma- 
chine at a source skin distance of 80 cm. 
When this occurs we treat the anterior 
supraclavicular-axillary port at a source 
skin distance of 100 cm. 


ISODOSE CURVES 


The dosage distribution in per cent of 
tumor or midplane dose for the two oppos- 
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CO |SODOSE CURVES THROUGH 
OPPOSING SUPRACLAVICULAR 
FIELDS, 


80cm. S.S.D. 





Fic. 8. Co® isodose curves for two opposing supra- 
clavicular-axillary fields at a source skin distance 
of 8o em., showing per cent of midline dose. 


ing supraclavicular-axillary ports is given 
in Figure 8. This distribution holds only 
when the fields are bolused with unit den- 
sity material so that the thickness is uni- 
form throughout. The dosage distribution 
Is uniform and ranges from 103 per cent 
near the surface to 100 per cent at the mid- 
plane. For the "average" patient only the 
apex of the lung is exposed within the 100 
per cent isodose area, other portions be- 
tween the 8o per cent and 1 ๐ ๐ per cent 
isodose regions. 

The isodose curves for the two opposing 
tangential ports are shown in Figure g for a 
separation of 26 cm. and 10X15 em. fields 
at 80 cm. source skin distance. In the lower 
half the per cent of the tumor dose at the 
midplane is given. Here, there is a variation 
from 100 per cent at the midplane to 155 
per cent at the extreme edge of the tangen- 
tial fields. 

These isodose curves, as those for the 


overlving absorbing material, while the 
immediate surface area may be underdosed 
because there is a lack of build-up material 
to obtain the maximum on the skin. Here 
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Fic. 9. Co*? isodose curves for two opposing tangential ports 26 cm. apart at a source skin distance 
of 8o cm., 10X15 em. fields showing per cent of skin dose and per cent of tumor dose. 


the skin-sparing effect due to build-up is 
unwanted if the scar area and the possible 
skin involvement is to receive the max- 
imum dose. 


area of a patient is shown in Figure 1o. The 
internal mammary lymph nodes are sche- 
matically located in the extreme position of 
c cm. from the midline and 2 cm. deep; the 
edge of the field is just past the contra- 
lateral lymph node. 


VERIFICATION RADIOGRAPHS 


In order to assay how much lung tissue is 
being irradiated, radiographs are exposed 
with the cobalt apparatus set up as for 
treatment. We use Kodak Blue Brand film 
in a cardboard cassette, reversed so that the 
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Fic. 10. Isodose distribution for two opposing 
tangential ports on the breast area of a patient. 


lead side faces the radiation. The first ex- 


anterior supraclavicular-axillary port. The 
darker area is that of the treated port. The 
larger port shows the relationship of the 
treated port to thesurrounding area. Notice 
that the apex of the lung is included in the 
treated field. 

Figure 12 shows a verification. radio- 
graph of the medial tangential field. Only a 
small section of the lung is included in this 
held. 

STAGING 

Patients who are referred for radiation 
therapy are generally the advanced cases, 
cent of our cases were in Stages TI and iv, 
according to the Manchester System of 
classification, 


OPERATIVE PROCEDURES 


In Table 111 are listed the operative pro- 
cedures, About 65 per cent of our patients 
had a radical mastectomy. Generally, when 
no mastectomy or a simple mastectomy 
was performed, it was because the disease 
was too extensive. It is interesting to note 
that 7 per cent had double mastectomies. 
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STAGING OF PATIENTS 
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Total 
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* Five of these died without disease, 4 of "heart disease" and 1 
was a suicide, 


STATUS OF PATIENTS 


An analysis of the status of our patients 
as of May 1, 1962 is given in Table 1v. Some 
of these were treated too near this date to 
allow for a good evaluation. With this 
reservation in mind, 42 per cent of our pa- 
tients are deceased and 58 per cent are liv- 
ing. Of the living, about one-fourth have 
persistent disease. 


RESULTS 
Most of our results are based on the 
examination of 112 patients, treated from 
April, 1957 to March, 1962, for whom we 
have a complete follow- -up. Twelve more 
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1 Of 16 cases without mastectomy 15 were Stage 111 or Stage tv, 

* Of 18 cases with simple mastectomy, 12 were Stage 1H Or 
Stage 1v. 

? One patient is included in the radical mastectomy and double 
mastectomy group. 

‘Patient first had a simple mastectomy, later the other breast 
was removed; therefore, she is counted tw A 
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Verification radiograph of anterior supra- 
clavicular-axillary port. 


Fic. 11. 


cases have been lost to follow-up and have 
not been counted in our statistics except in 
those pertaining to skin nodules. 


SKIN REACTION 


The patient is given a sheet of instruc- 
tions on the care of the skin. She is asked 
not to wet or oll the areas being treated, to 





Frc. 12. Verification radiograph of medial tan- 
gential port. 
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* Five of the 8 who died with no disease were in Stage 1, The 
cause of death in all but one was cardiovascular accident, 


air the treated sites frequently and to avoid 
irritation and friction. Some patients 
showed little reaction. In most cases bv the 
end of treatment there was a moderate skin 
reddening which usually changed into a dry 
desquamation. The skin healed rapidly, 
clearing in 3 to 4 weeks. We have not seen 


anv severe skin reactions. 


PULMONARY CHANGES DUE TO THERAPY 

Pulmonary fibrosis following radiation 
therapy has long been recognized and often 
described 629830207 The tissue changes in 
the pulmonary structures are chiefly those 
of an inflammatory reaction, First there is 
edema, then cellular congestion and des- 
quamation of bronchial and alveolar cells, 
then clearing by absorption and, fini ally, 
regeneration. In mild reactions there usu- 
allv is complete clearing of exudate with no 
resultant abnormality of structure. In more 
severe and extensive injurv, the healing 
pattern varies. Clearing and absorption 
occur but a final fibrosis of substitution 
follows in the more heavily irradiated tis- 
sues, All these changes are dependent on the 
condition of the patient at the time of radi- 
ation therapy; age, arteriosclerosis, previ- 
ous lung disease, ischemia and metastases 
are influencing factors. Only rarely does a 
patient exhibit clinical symptoms such as 
cough, chest pain and dyspnea after ther- 


apy. 
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A small drop in vital lung capacity may 


occur. Gish ef aZ? found no significant 


change following breast radiation therapy. 
When there was a change in vital capacitv, 
it was usually associated with pulmonarv 
metastases, When a significant drop in vital 
capacity occurs, the spread of disease 
rather than radiation pleuropneumonitis 
should be suspected. 

A study was made of pulmonary changes 
and the time of their appearance by tak- 
ing chest roentgenograms of patients 1j 
months, 3 months, 5 months, 7 months, 9 
months, 12 months and every 6 months 
thereafter, after completion of therapy. Of 
62 cases having a complete series of roent- 
genograms, 75 per cent exhibited evidence 
of some pulmonary change in the region of 
the two opposing supraclavicular-axillary 
ports. Figure 13 shows the changes in the 


right upper lobe found in an average case 2 





Fic. 13. Roentgenogram of the chest taken 2 months 
after therapy showing the average radiation 
changes in the right upper lobe in the region of the 
two opposing supraclavicular-axillary ports. 
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months after therapy. The lung changes 
were graded as (1) just recognizable, (2) 
mild and (3) moderate. Sixty-five per cent 
of the cases fell in the first two grades. In 
no case was there a severe change. 

Specific roentgenographic changes were 
first recognized outside and above the hilar 
site. In almost all cases there were connect- 
ing linear densities to the hilus. Early 
shadows were rather diffuse, hazy and ill- 
defined, occupving onlv a segment of lung 
tissue. They were rectangular in outline and 
positioned in an oblique direction from the 
hilus up and outward, rarely measuring 
more than 3 cm. in width. Often, the very 
apex of the lung was not occluded. 

The distribution of the time of the initial 
appearance of a change is shown in Figure 
ig. The greatest number p pulmonary 
changes appeared between 14 and 3 months 
after therapy. By 5 months about do per 
cent of all the pulmonary changes were 
evident. In a few cases, the initial changes 
appeared as late as 1} to 2 years after 

therapy. Of the 46 positive cases, 7 or 15 
per cent became negative within 1 vear to 3 
vears post-therapy. Onlv 1 patient. had 
symptomatic evidence of pulmonary reac- 
tion. 

There was no roentgenographic evidence 


of any pulmonary change in the region of 


the tangential ports. 

From this study 1t 1s concluded that the 
possible occurrence of pulmonary changes 
should not be considered a deterrent to 
postmastectomy radiation therapv. 


EFFECT ON METASTATIC LYMPH NODES 


There is a great deal of evidence that 
metastatic lymph nodes from breast car- 
cinoma can be sterilized or confined. Mc 
Whirter!® has described the radiation re- 
sponsiveness of positive lymph nodes. He 
believes that these structures are more 
readily controlled by radiation therapy 
than the primary breast lesion. Lenz™ has 
shown that confinement of carcinoma to 
these structures occurs with doses above 
4,000 r. Whether carcinoma cells are steri- 
lized or made locally inactive by entrapment 
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Fic. 14. Time of initial appearance of pulmonary 
change in the apex of the lung treated through two 
opposing supraclavicular-axillary ports to a dose of 
approximately 4,600 r. 


and encirclement may not matter as long as 
spread or reactivity from these sites 1s pre- 

vented. There is an appreciable number of 
patients with lymphedema of the arm due 
to metastatic disease in the axillary lymph 
nodes. With radiation therapy the lymph 
nodes are often controlled, with resultant 
decrease in edema. 

In our series, 16 or 25 per cent of the 
living patients had lymph node metastases 
at the beginning of radiation therapy. In 7 
cases the metastases had disappeared be- 
fore the end of therapy and in 2 before the 
end of 1 year after therapy, so that 9 cases 
of 16 or $6 per cent were controlled. In the 
deceased group there was an incidence of 
positive lymph node disease at the begin- 
ning of therapy in 43 per cent of the pa- 
tients; In 35 per cent the disease was con- 
trolled by 1 vear after therapy (Table v). 

Since our figures show that positive 
palpable axillary-supraclavicular or cervi- 
cal lymph node metastases were controlled 
without further evidence of activitv in 45 
per cent of the cases, one may assume a 
similar effect on the internal mammary 
lymph nodes. Because of this, it 1s felt that 
proper treatment should include irradia- 
tion of all possible locations of disease. 

Here, too, we would lke to emphasize 
that a bolus should be used over the lymph 
nodes which are within 0.§ cm. from the 
surface of the skin. Placing bolus in the 
axillary region produces a uniform dose 
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through the axillary Ivmph nodes and 
avoids under dosing of those lymph nodes 
near the surface. 


ARM EDEMA 


Arm edema has been attributed to many 
causes. Some studies suggest that infection 
in the axilla and arm is of primary impor- 
tance. Other contributing factors are late 
fibrosis after surgerv or radiation therapy, 
and obstruction of the axillary vein. 
Lymphedema following radical mastec- 
tomy has always been a sureical problem. 
With recent improved surgical techniques 
and antibiotics, this incidence has not been 
lowered. The occurrence varies between 12 
per cent? and 57.5 per cent.? Hoopes and 
McGraw," Holman e a2, Guthrie and 
Gagnon,’ and Haagensen’ support the view 
that infection plays a major role in causing 
either early or late edema. Devenish and 
Jessop,’ Rienhoff,” ? and Standard?! feel that 
surgical interference with the lymphatic 
vessels is the principal cause of arm edema. 
On the other hand, Veal” attributed arm 
edema in go per cent of his patients to ve- 
nous obstruction; yet, Mac Donald" and 
Lobb and Harkins” cited yo cases in which 
part or all of the axillary vein was resected 
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without development of significant edema. 
Holman ef 22? and Lobb and Harkins" 
stressed the relationship of weeping radio- 
dermatitis to subsequent lymphedema. 

We recorded as arm edema any visible 
increase in the affected side over that of the 
normal side. Twenty-six per cent of the 
surviving patients had arm edema at the 
beginning of therapy. In one-third of the 
cases this disappeared by the end of ther- 
apy. However, arm edema appeared in 28 
per cent of the cases by 2 months after 
therapy where there had not been any be- 
fore therapy (Table vi). If the arm edema 
before therapy was not severe, that which 
followed therapy was also mild. In our 
experience lymphedema did not prove to be 
à frequent or disabling sequela of radiation 
therapy. 

METASTASES 


Of 122 cases analyzed, 14 or 11.5 per cent 
had skin nodules which appeared during or 
after therapy: 5.7 per cent in the treated 
site, 2.6 per cent outside the treated area 
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and 3.3 per cent both within and outside 

the treated sites. About half of those which 
appeared in the treated site appeared only 
on the scar line. In the treated area the 
initial appearance of skin nodules was from 

2 to 36 months after therapy, while in the 
ก areas the initial appearance was 
from any time during therapy to 16 months 
after therapy. 

The incidence of lung metastases was 
11 per cent for the surviving patients and 
13 per cent for the deceased, with an aver- 
age of 12 per cent for both groups (Table 
vil). 

The incidence of metastases in bone was 
17 per cent for the living group and 36 per 
cent for the deceased group, with an aver- 
age of 25 per cent for both groups. This is 
shown in Table vin. 


SURVIVAL RATE 


It is too early in our study to give § vear 
survival results; however, it might be in- 
formative to show the survival time of de- 
ceased patients in order to evaluate pallia- 
tion. This is given in Table ix. More than 
half of these patients died within the first 
vear and more than go per cent within 2 
years. 


DISCUSSION 

A philosophy of treatment on which radi- 
ation therapy is based is necessary. Our aim 
Is to sterilize or confine any viable cancer 
cells lodged in the local lymph nodes or 
chest wall. With our technique we are able 
to deliver a tissue dose of 4,600 r, con- 
sidered to be effective. 

The local recurrence of skin nodules in 
the treated site for unselected cases was 9 


per cent, which is lower than the 15 to 41 
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per cent^?5? given in the literature. An- 
other important factor is the delay in the 
appearance of skin nodules by as much as 2 
years as compared to that in untreated 
areas. With our method of therapy, known 
palpable axillary lymph nodes have been 
cleared in 45 per cent of the cases. Whether 
our survival rate will be better than that of 
others remains to be seen. Thus far 42 per 
cent of our patients are alive without 
known disease and 16 per cent with disease. 
It is our impression that greater palliation 
with less discomfort is achieved by this 
method since in only 1 patient was there 
symptomatic evidence of lung reaction. 

If effective therapy can be e 
without any morbidity or sequelae with 
particular technique, it may be M 
routinely on all postoperative cases. The 
postirradiation changes most feared in 
treating breast carcinoma, skin ulcerations 
and fibrosis, increased arm edema and pul- 
monary ก ร ร have not developed in our 


series. to any significant degree. Skin 
changes never became a problem. Arm 


edema 1s a frequent complication of radical 
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mastectomy with and without radiation 
therapy. We found that 
patients who did not have arm edema at the 
beginning of radiation therapy developed it 
within 1 vear after therapy. This was never 
severe and did not produce a poorly func- 
tioning arm. The fact that no wet radio- 
dermatitis occurred in the axilla may be an 
important aspect of this mode of treatment 
since infection is a great causative factor in 
lymphedema. 

In our follow-up with roentgenograms of 
the chest, we have established that a pul- 
monary reaction can be prevented under 
the tangential portals while delivering an 
effective dose to the internal mammary 
lymph chains, the chest wall and adjacent 
pleural structures, As is seen from e veri- 
fication radiographs only a small segment of 
the peripheral lung tissue 1s irradiated. The 
pleura never showed thickening, nor did 
pleural effusion occur under these sites. 
When pleural effusion did occur in our 
cases, it was always associated with pleural 
metastases. It should again be emphasized 
that a bolus must alwavs be used over these 
ports in order to deliver a calculated dose to 
all of the exposed tissues. 

Our study showed that only in the apical 
portion of the lung was there a recognizable 
reaction to radiation therapy. This site was 
within the opposing anteroposterior axil- 
lary-supraclavicular portals. Some distin- 
guishable change was evident in 75 per cent 
of the patients. The greatest frequency of 
initial occurrence of pulmonary reaction 
was 3 months after therapy, although in 2 
per ent occurrence was noted during me 
first 14 months. Follow-up established that 
in So per cent the pulmonary changes in the 
lung apices occurred within 5 months but 
may occur as long as 2 years after therapy. 
Fifteen per cent of the positive cases be- 

came negative in 1 to 3 vears after therapy. 
With the exception or 1 case, no post-ther- 
apy symptoms were encountered. 

With this method we have found that an 
effective tissue dose can be administered to 
all patients who are inoperable or who have 
had simple or radical mastectomies with no 
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disabling sequelae. In patients who have 
had mastectomies, radiation therapy should 
be started 2 to 4 weeks after operation 
since a delay may make such treatment less 
effective.” 


SUMMARY 


A modified McWhirter technique for 
the treatment of breast carcinoma with 
cobalt 60 teletherapy has been described. 

2. Isodose curves are given for the two 
opposing supraclavicular-axillary ports and 
for the two opposing tangential chest fields. 

3. The method of taking verification 
radiographs using Co® radiation is de- 
scribed. 

4. Tables are given listing the stages of 
the disease, the type of mastectomy, the 
incidence of arm edema, the status of living 
patients and the survival time after therapy 
of deceased patients. 

v. Radiation therapy proved effective in 
clearing metastatic lymph nodes in 56 per 
cent of the surviving patients and in 35 per 
cent of the deceased patients in our series. 

The incidence of skin metastases, bone 
metastases and lung metastases is given. 

7. A bar graph showing the incidence of 
a barely perceptible pulmonary change 
versus the time of appearance after therapy 
is given for the two opposing supraclavicu- 
lar-axillary ports. In per cent of the 
cases such a change occurred. Eighty per 
cent of these patients showed such changes 
by 5 months after therapy. No pulmonary 

changes in the region of the two opposing 
tangential chest ports were noted. 

8. The clinical significance of the reac- 
tions for this method of therapy is dis- 
cussed. 

George P. Koeck, M.D. 
The Radiation Therapy Department 
Presbyterian Hospital Unit of United 

Hospitals of Newark 
27 South Ninth Street 
Newark 7, New Jersey 
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MASSIVE DOSE TECHNIQUE IN RADIATION 
THERAPY OF INOPERABLE CARCINOMA 
OF THE BREAST* 


By HAROLD L. ATKINS, M.D. T 


NEW YORK, NEW YORK 


BSERVATIONS of normal tissue and 

tumor cell recoverv after irradiation 
indicate the value of protraction in treating 
squamous cell carcinoma of the slam Ihe 
more rapid recovery of the skin results in an 
improved therapeutic ratio when over-all 
treatment time is carried out beyond 2 
weeks in many equal fractions. The studies 
of Cohen? and Friedman and Pearlman’ 
suggest that the same situation does not 
hold true for adenocarcinoma of the breast. 


- 


have been published. 

A similar studv was instituted at the 
Columbia-Presbvterian Medical Center as 
part of a larger project to investigate the 
effects of unconventional fractionation 
techniques.’ Two groups of patients were 
selected for this studv: (a) Stage 111 (12 
cases) consisting of patients with breast 
carcinoma inoperable due to involvement 
of the highest axillary lymph node, supra- 
clavicular lymph nodes or internal mam- 
mary Iymph nodes; and (b) Stage 1v (§ 
cases) consisting of patients with wide- 
spread metastatic tumor who had extensive 
primary tumors requiring therapy. 

The study was terminated early in 1962 
because of a rather high incidence of com- 
plications. This report represents a mini- 


mum follow-up of 18 months and a maxi- 
mum of 34 months. 


METHOD 


In Stage 111 patients, a pattern of defini- 
tive radiation fields was used to encompass 
all known extent of the cancer. Opposing 
tangential fields, 105€ 15 cm. or 12X15 CM,, 
were used to irradiate the breast, chest wall 
and ipsilateral internal. mammary lymph 
nodes. An anterior 12X20 cm. field was 
applied to cover the axillary, supraclavicu- 
lar, subclavicular and lower cervical lymph 
nodes. Treatment was given on the 22.5 
mev. betatron with the roentgen-ray beam. 
Water bolus was used between the tan- 
gential chest wall portals and 2 cm. lucite 
as bolus was used for the supraclavicular 
portal. A triangular lead shield protected 
the trachea. 

As a rule, smaller volumes of tissue were 
treated in the Stage 1v. patients. The at- 
tempt in these cases was to treat onlv the 
primary lesion except in 1 instance where 
the primary, regional lymph nodes an d 
mediastinum were all included in the treat- 
ment fields and another where the supra- 
clavicular portal was also included. 

'T'he total dose of 2,500 r to the skin and 
tumor was delivered in two fractions a week 
apart. The distribution of dosage is very 
homogeneous with the betatron beam. The 
radiation dose to the primary tumor, re- 
gional lymph nodes and skin did not vary 
more than about 10 per cent. Where two 
separate volumes such as chest wall and 
supraclavicular lymph nodes were treated, 
both might be irradiated within the same 
calendar week but the total dose to any one 


* From the Department of Radiology, Columbia University, College of Physicians and Surgeons, 
t Present address: Medical Department, Brookhaven National Laboratory, Upton, Long Island, New York. 


Vou, gt, No. 1 


tumor volume was delivered in an elapsed 
time of 1 week. 
RESULTS 
IMMEDIATE REACTIONS 

Because of the low dose rate at the dis- 
tance required to encompass the necessary 
feld sizes on the betatron, manv of the 
patients complained of transitorv ache in 
the arm or shoulder after maintaining the 
treatment position for 35 to 45 minutes. 
This disappeared within several hours. Two 
patients complained of some anorexia or 
nausea the evening of, or the dav following, 
treatment. These symptoms are difficult to 
evaluate but the remainder of the patients 
were free of any pronounced systemic com- 
plaints secondary to the irradiation. 

SKIN REACTIONS 

The radiation epidermitis was, on the 

whole, less severe than in those patients 
treated i in the usual manner with z,oco r 
maximum skin dose in 4 weeks. M thema 
first appeared as early as 4 davs and as late 
as 19 davs, the average being 7 7 to 8 davs. 
This progressed to a maximum reaction in ` 
to 4 weeks after completion of “20 ฝ 0 
This maximum reaction consisted of drv 
desquamation except in § instances where a 
moderate moist epidermoly sis Was appar- 
ent. The skin reaction had completely 
subsided by at least 8 weeks in all cases. 

ESOPHAGITIS 

Esophagitis was secondary to inclusion 
of the lower cervical esophagus toward the 
edge of the supraclavicular field. E sopha- 
gitis was experienced in g of the 14 patients 
treated with this field. In 2 cases this was 
severe and resulted in moderate weight loss 
before the reaction subsided. In another 
case, esophagitis was moderately severe. In 
t additional case, late esophagitis with 
narrowing of the lumen was observed as 
part of a complex of late reactions which 
will be described in detail below. 


LATE COMPLICATIONS 


Late complications were mainly of three 
types; pulmonary fibrosis, fibrosis of the 
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pectoralis musculature and mvelitis of the 
lower cervical and upper thoracic spinal 
cord. Pulmonary ch anges were initially 
seen on roentgenograms in the apex of the 
irradiated side from 13 to 6 months post 
treatment. The changes were asymptomat- 
ic in all cases and were again presumably 

secondary to the inclusion of this region by 
the supraclavicular fields. This complica- 
tion was noted in g of 14 patients who had 
this region included in their irradiated 
volume. 

A serious and common complication was 
the fibrosis of the pectoralis musculature 
which occurred in all of the 11 patients 
classified as Stage 111 who survived more 
than s months. One patient, who died of 
metastases at § months postirradiation, 
was not noted to have this complication. 
The onset of fibrosis with limitation of arm 
movement in abduction was noted at 4 to 
11 months after completion of therapy, in 
most of the cases occurring at 4 to 6 
months. Fibrosis was often associated with 
edema of the upper chest wall and mild 
edema of the breast itself. 

One patient (Case rm) with persistent 
pain and limitation of motion of the 
shoulder joint on the irradiated side was 
discovered to have, in addition to severe 
fibrosis, roentgenographic evidence of hu- 
meral head radionecrosis (Fig. 4 and s). 

Another patient (Case 1) a whole 
gamut of radiation complications and even- 
tually died 18 months following treatment 
of radiation myelitis. Her reactions seemed 
to indicate that she was unusu allv sensitive 
to irradiation. Two other patients devel- 
oped radiation mvelitis, 1 at 1g months and 
the other at 30 monis following irradia- 
tion. In both of these patients the condition 
appeared to stabilize about 3 months after 
onset of symptoms of my eines 


TUMOR CONTROL AND SURVIVAL 


Tumor response, both of the primary and 
regional lymph nodes, was generally excel- 


* Since this report was submitted for publication one additional 
patient has devised radiation myelitis, 
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lent (Table 1). Of the 12 Stage 111 patients, plantation and finally a simple mastec- 
only 1 patient was definitely not controlled tomy. A second patient was only partially 
and required radioactive iridium seed im- controlled. The breast mass which was 


TABLE I 


RESULTS OF THERAPY IN STAGE III PATIENTS 





Tumor 
Control 


คั ้ ณั ็ ห ห ห ห ห ห หั ง ห ห ช ห ช หั ว ห ง ห ง ห ห ห ห ง ้ ง ้ ง ง จ ง จ ง จ ง จ ง ง ง ง ง ห พ พ ง พ พ พ พ นพ พุ ณุ ณุ ณั พ ณ พ ณา ณา ณา ณ พา พา พา พ น พราง งา รา งา ม น 1 เ 0 เง ง ห ยั ยา จ จ้ ง จ เฉ อ อป ป 0 


Pulmonary Pectoralis | Other 
Fibrosis | Fibrosis || Complications 


Survival Esophagitis | 





V.deP. 34 mo. complete | Living without | moderately | yes — | myelitis, necrosis of 
| i clinical dis. | severe | | | humeral head, 
ease at 34 mo. | | | | vocal cord pare- 

| | | sis 

E.G. | 12 mo. complete | Dead at 12 mo. | mild | ves 0 yes | none 
| | of metastases | | l 





C. | 18 mo. complete | Dead at 18 mo. moderate | ves 1| — yes | myelitis, esophag- 
| | of radiation | | | | eal strictures, Vo- 


myelitis. No 
cancer found 
at autopsy 


cal cord paralysis 


——— 2 





D.B. | 23 mo. complete | 


| | i * * 
Living without | severe | ves | yes | myelitis 
clinical = dis- | | 
case at 23 mo. | 






ม / ? i i r + . * i 
M.W. | 22 mo. complete Living without | mild ves 
| clinical dis- 

|  easeat 20 mo. | 





| 
Se Sa ae ค : ท 0 E 5 5: | 
A.V. | 20 mo. complete Living without | no 2 ves 
5: | chnical dis- | 
ease at 22 mo. | 


| | clinical dis- 
| | ^ase at 19 mo. 


| | 
I. B. | 19 mo. complete | Living without | mild | ves | yes none" 
ก | | 
| | 
| 


K.M. | not controlled | Living after mas- 
| by radiation | tectomy at Ig 


5—————— P — M 





18 mo. complete | Living without | mild | no | yes |! none 
| clinical dis- | | | 
ease at 18 mo. 





F.R. | 18 mo, complete Living without | no | ves 70 yes | none 
| clinical dis- | | | 
| ease at 18 mo. | 2 
LG. | g mo. partial | Dead of metas- | no | no ves none 
| tases at 14 mo. | | 


* Developed myelitis after report was submitted for publication. 
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RESULTS OF THERAPY IN STAGE IV PATIENTS 





Patient Areas Treated | Complications |. Tumor Control. | Survival 
= a ซะ ล ว [nam c i: BR d 
B.M. | Breast and chest wall none | not controlled | dead at 8 mo, with 
| | | | metastases 
0 MÀ pe ——MMM— ine. p ees ต 7 ๊ 7 ล | mmn e nne 
LdeO. | Both breasts | none partial 5 mo. | dead at r$ mo. with 
: , metastases 
๐ TH 0 e 
C.H. | Breast, chest wall | pulmonary fibrosis not controlled | dead at 4 mo. with 
, : P H A 
and regional lymph | | metastases 
nodes | | 
EL. | Breast mass onlv | none partial 19 mo. | dead at 19 mo. with 
! | metastases 
LD. | Breast, chest wall, | none complete local con- | dead at 6 mo. with 
| egional lymph | | trol 6 mo. | metastases 
| nodes and medias- | 
, tinum | 
To Breast | none | complete local con- | dead at 3 mo. with 
ป | trol 3 mo. | metastases 


9X11 em. shrank to 7 cm. in diameter for g 
months but started to re-grow accompanied 
by distant metastases, then responded to 
prednisone; however, the ascites remained 
uncontrolled and the patient expired 14 
months following initial therapy. 

Three other patients have died, 1 at 18 
months of radiation mvelitis but without 
tumor at autopsy (Case 1); another with 
metastases 5 months after therapy, with 
marked reduction but not complete disap- 
pearance of a 7X8 cm. mass; and a third 
patient expired at 12 months of exsangui- 
nating hemoptysis secondary to mediasti- 
nal and tracheal involvement by carci- 
noma, the previously treated primary site 
remaining clinicallv free of tumor. 

The remaining 7 patients are clinically 
free of tumor from 18 to 34 months follow- 
ing therapy. Of these patients, § were post- 
menopausal and had no other hormonal 
alteration. One §7 year old postmenopausal 
woman and a 42 year old premenopausal 
woman had oophorectomies prior to radia- 
tion therapy. It is impossible to judge the 
effect of this procedure on the results. 


In all, it can be said that 9 patients were 
completely controlled at the irradiated site, 
2 were partially controlled and 1 not con- 
trolled. 

The response in the Stage iv patients was 
somewhat less satisfactory (Table 11). Two 
patients had complete control of the pri- 
mary site but died at 3 and 6 months, re- 
spectively, of advanced metastatic disease. 
Two patients were partially controlled for 6 
and 19 months, respectively. The latter 
patient had a threatening ulceration of the 
skin by a 10 cm. round mass in the breast. 
This regressed to a 6 cm. round mass and 
the patient also responded temporarily to 
estrogen and then male hormone therapy, 
but finally succumbed to widespread bone 
and soft tissue metastases. 

Two of the Stage 1v patients did not 
respond. They had widespread and rapidly 
progressive disease of the breast and skin of 
the surrounding area. 


REPORT OF CASES 


Case 1, P.H. #98-53-96 (C.T.). This 44 year 
old N 


egro female was admitted to the Colum- 
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Fic. 1. Case r. Two months following completion of 
radiation therapy. Dry desquamation of breast 


atrophic changes are present in the subclavicular 
area. Abduction of arm is nearly normal. 


bia-Presbvterian Medical Center on December 
27, 1950, because of a lump in the right breast 
of 1o davs' duration. There was no history of 
trauma or discharge. She had previously nursed 
2 children without difficulty. 

Physical examination revealed a 2X2 cm. 
firm discrete subareolar mass just inferior and 
medial to the nipple. A single 1 cm. lymph node 
was palpable in the right axilla. Skeletal survey, 
chest roentgenograms and other laboratory 
data were all normal. 

A triple biopsy of the primary lesion, highest 
axillary lymph nodes and the ist, 2nd and 3rd 
intercostal lymph nodes of the internal mam- 
mary chain was done on December 31, 1960. 
All specimens showed poorly differentiated 
'arcinoma, The perivascular lymphatic spaces 
about the primary breast lesion were infiltrated 
with tumor cells. 

Radiation therapy to the primary lesion, 
chest wall, axilla, supraclavicular area and 
ipsilateral internal mammary lymph node chain 
was begun on January 10, 1961. Two tangential 
portals with water bolus to the chest wall and a 
single direct anterior supraclavicular and 
axillary 12X20 cm. portal were used, treat- 
ment being given by the 22.5 mev, roentgen- 
‘ay beam of the betatron. The total dose to all 
areas was 2,500 r maximum to the skin and 
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tumor, given in two equal fractions 1 week 
apart. 

Following radiation therapy, the patient had 
moderate dysphagia and a dry desquamation of 
the skin in the areas irradiated. The reaction 
had essentially cleared by February 14, 1961. 
The breast mass had completely disappeared by 
March 14, 1961, but at that time rather marked 
late skin changes secondary to irradiation were 
noted along with some limitation of motion of 
the right arm (Fig. 1). 

There was never any evidence of recurrent 
carcinoma after that date. However, the fibrosis 
of tissues of the chest wall, supraclavicular 
areas and about the shoulder joint progressed to 
produce severe limitation of motion which was 
never relieved. A chest roentgenogram 7 months 
tollowing radiation. therapy. showed minimal 
apical pulmonary fibrosis on the treated side. 

Progressive sore throat and difficulty in 
swallowing were noted in September, 1961 and 
an esophagram showed a stenotic cervical 
esophagus. Esophagoscopy on November 17, 
1961, revealed a stricture and fibrosis of the 
cervical esophagus; a biopsv showed no evi- 
dence of malignancy. The vocal cords were 
normal at this time. 

Latein November, 1961, the patient first had 
signs of numbness and diminished heat sensa- 
tion of the left leg as far up as the groin. She 
was admitted to the Neurological Institute of 
the Columbia-Presbyterian Medical Center on 
December 8, 1951. Neurologic examination re- 
vealed diminished pain sensation from the toes 
to the hip on the right and absent pain sensa- 
tion of the left lower extremity. Temperature 
sensation was also abnormal. Skeletal survey, 
lumbar puncture and mvelogram were all 
within normal limits. The diagnosis, by exclu- 
sion, was radiation mvelitis, 

The patient was discharged December 16, 
1951 only to be readmitted the next day on the 
Orolaryngological Service because of respira- 
tory distress and weakness of the voice. It was 
noted that she had fixation of the left vocal cord 
and decreased motion of the right vocal cord. 
Edema of the epiglottis and arytenoids was 
present. An emergency tracheostomy was per- 
tormed and the laryngeal edema diminished on 
conservative therapy over the next ¢ days. No 
cause was found to account for this episode. 
The tracheostome was allowed to close and 
both vocal cords were noted to move well g davs 
after the initial episode. 
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The neurologic signs progressed steadily with 


involvement of the muscular innervation of 


the right lower extremity. The patient was re- 
admitted to the Neurological Institute on April 
I8, 1962, 
both lower extremities and the right arm. The 
sensory examination localized the level at T3 on 
the left side. The Brown-Sequard syndrome 
progressed and the patient expired on July 11, 
1962. 


Autopsy revealed severe radiation mvelitis of 


the lower cervical and upper thoracic spinal 
cord. No evidence of tumor could be found anv- 
where in the bodv. 


Case n. P.H. #99-53-54 (A.V). The patient, 
a 6s vear old white w oman, was admitted to the 
Columbia-Presbyterian Hospital on September 
11, 1961, because of early gangrene of the right 
foot associated with diabetes mellitus and 
peripheral vascular disease. On initial work-up, 
a breast mass was discovered which the patient 
later admitted had been present 3 vears. In the 
patient's past history, a diagnosis of Laennec's 
cirrhosis had been established in 1940, at which 
time a hysterectomy and bilateral oophorec- 
tomy were performed for leiomyomata uteri. 
Diabetes mellitus was diagnosed in 1951 and 
the patient intermittently followed a diabetic 
diet until the present admission. 

Physical examination revealed a right breast 
mass measuring 4&5 cm. just medial to and 
above the areola and fixed to the overlying skin. 
A single firm 1 cm. axillary lymph node was 
present on the right side. The liver was en- 
larged to 3 cm. below the right costal margin 
and the spleen tip was palpable on the left side. 
Erythema and edema with some induration 
were noted involving the 2nd, 3rd and 4th toes 
of the right foot. 

Laboratory studies revealed: fasting blood 
sugar 242 mg. per cent, urine glucose 2+, 
hemoglobin 14.0 gm., white blood cell count 
7,300. A skeletal surv 
metastases. A radioactive colloidal gold liver 
scan showed 0 with a suspicion of metas- 
tasis, but no change was noted t4 months later 
on repeat scan. 

A triple breast biopsy on September 25, 1961, 
revealed duct-cell carcinoma with prominent 
fibroblastic reaction involving the breast and 

the first and second intercostal space lymph 
nodes of the internal mammary chain. No 
tumor was seen in the highest axillary lymph 
nodes. 
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Treatment of the vascular disease involving 
the toes was conservative and gradual improve- 
ment was noted. Radiation therapy was insti- 
tuted for the breast lesion on October 3, 1961. 
A maximum skin dose (and tumor dose) of 
2,500 r, divided in two fractions a week apart, 

was delivered through two opposing tangential 
ports to include the breast, chest wall and i Ipsi- 
lateral internal mammary lymph nodes. A 
direct 12X20 cm. portal covered the axilla and 
supraclavic ular ly nm nodes. All treatment was 
given with the 22.5 mev. roentgen-ray beam of 

the betatron. 

Response was excellent, with a moderate dry 
skin reaction and disappearance of palpable dis- 
ease by 1 month after completion of therapy. 
Repeat roentgenograms 1 vear later showed 
right apical pulmonary fibrosis, but no evidence 
of metastasis. Slight Sess of the right 
shoulder was present and there was mild edema 
of the breast. The patient was last seen 20 
months following radiation therapy without 
clinical evidence of the breast tumor or metas- 
tases. 


Case rr. P.H. #148-48-81 (V. deP.). This 63 
vear old Negro woman was admitted to the 
Columbia-Presbvterian Medical Center on 
July 16, 1960, because of a lump in theright 
breast of 4 weeks' duration. The lump had been 

“needled” a week prior to admission bv the 
family physician but no fluid was obtained. 
There was no pain or nipple discharge. The pa- 
tient was I3 years postmenopausal, 

Physical examination revealed a 3X4 cm. 
hard, irregular mass in the upper outer quad- 
rant of the right breast. Retraction of the skin 
over the lesion was noted. s right axillary 
Ivmph nodes, 2.0 cm. and 1.5 cm. in diameter, 
were palpated. Skeletal survey and laboratory 
studies were within normal limits. 

Triple biopsy was performed on July 18, 1960. 
A scirrhous carcinoma was found at the primary 
site and involving the highest axillary lymph 
nodes. The internal mammary lymph nodes 
were not involved with tumor. 

Radiation therapy. was started on July 26, 
1960. A maximum skin and tumor dose of 
2,500 r was delivered in two equal fractions 
spaced 1 week apart to the primary lesion, 
breast, chest wall and regional lymph nodes in 
the same manner as described for Cases 1 and 
ik 

Radiation therapy was well tolerated with- 
out systemic complaints. Dysphagia had its 
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Fic. 2. Case 111. Five weeks following completion of 
radiation therapy. Moderate desquamation. of 
irradiated skin. Note good arm motion. 


onset about 4 days following. completion of 
therapy and disappeared in about 2 weeks. 
Erythema of the treated areas was noted at 12 
davs and progressed to a dry desquamation 
with a few small areas of moist reaction (lg. 2). 
Healing was complete in 8 weeks. The tumor 
mass in the breast responded dramatically and 
was no longer palpable 2 weeks following com- 
pletion of radiation therapy. 

Limitation of motion of the right shoulder 
with fibrosis of the muscles at the antertor 
axillary line was noted in January, 1961, 5 
months following treatment. At this time a 
chest roentgenogram showed some radiation 
fibrosis at the right pulmonary apex. A roent- 
genogram of the right shoulder in February, 
1961 demonstrated no bone changes (lig. 4). 

Physiotherapy resulted in no real improve- 
ment of the shoulder symptoms. Increasing 
shoulder pain, respiratory stridor and hoarse- 
ness prompted a roentgenographic examination 
of the chest and shoulder in September, 1962, 
which again revealed some pulmonary fibrosis 
and, in addition, irregular destruction of the 
right humeral head (lig. 5). The latter was 


interpreted as radionecrosis. Indirect. laryn- 


the right vocal cord. Examination in November, 
1962 showed marked telangiectasia and fibrosts 
of the chest wall and the patient could not 


abduct the right arm (Fig. 3). 
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Asmallo.s cm. lymph node was first noted to 
be present in the left axilla on February 14, 
1963, and the tollowing week numbness of the 
left lower extremity, weakness of the right lower 
extremity and a right Horner's syndrome be- 
came apparent. A sensory level at Tio to Li on 
the lett side was noted. The patient was placed 
on ร mg. prednisone t.i.d. on March 27, 1963 
and was last seen at the end of May, 1963, at 
which time her neurologic status appeared 
stable and no change in the size of the left 
axillary lymph node was detected. 

DISCUSSION 

Increasing knowledge of the dynamics of 
radiation effects on cells in tissue culture 
has raised questions concerning fractiona- 
tion and distribution of dose in time.* ^ The 
demonstration. of complete recovery of 
sublethal damage before the first post- 
radiation cellular division indicates the 
inefficiency of irradiating cells with an 
increasing number of fractions for the same 
over-all total dose. This is true when more 
than one "hit" is required to lethally dam- 
age a cell, which seems to be the situation in 
most cases. Apparently the number of 
fractions rather than the ] 


over-all time is 





Fic. 3. Case rir. Twenty-seven months after radiation 
therapy. There is marked telangiectasia and fibro- 
sis of chest wall and pectoralis musculature. The 
arm cannot be abducted any further than noted in 


Vor, gi, No. 1 


important in comparison of the biologic 
effects of different treatment regimens. 

The tumor bed must also be taken into 
consideration in clinical radiation therapy. 
The relative recoverv rate of normal tissue 
as compared to that of the tumor deter- 
mines the ideal time-dose relationship. In 
the treatment of breast carcinoma, the 
tolerance to radiation of normal 2 has 
been considered a limiting factor. Cohen? 
in an analvsis of the literature as well as 
observation of his own cases, concluded 
that the recoverv factor for breast cancer 
(0.35) 1s similar to that for normal skin 
(0.33) and no advantage is obtained by 
prolonged fractionation as might be ex- 
pected in the case of squamous cell epitheli- 
oma of the skin. 

Friedman and Pearlman’ estimated the 
average single fraction effective dose to be 
2,200 r with a recovery factor of 0.25 in an 
analvsis of a Toup of patients with skin 
metastases; Cohen’s median curative single 
dose was estimated at 1,250 r. 

Sambrook e£ al?’ investigated the effect 
of several different treatment schedules on 
squamous cell carcinoma, basal cell tumors 
and adenocarcinoma of the breast. In 
breast carcinoma. there was a definite 
superiority in a treatment schedule of oor 





Fic. 4. Case itt. Roentgenogram of right shoulder 6 
months after radiation therapy is normal. 
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months after 


Case ni. 
radiation therapy shows mottled areas of increased 
density in the humeral head consistent with radio- 
necrosis, 


lic. s. Roentgenogram 25 


twice a week over daily treatment to the 
same total dose over the same over-all time 
A schedule of 1,000 r once a week for à total 
of 4,000 r produced a high incidence of 
necrosis, however. 

A group of patients with advanced breast 
cancer was treated by Cochran ef a/.! with a 
rapid, massive dose technique on the 22.5 
mev. betatron. They delivered the total 
tumor dose in 2 consecutive davs. Starting 
off with 1,250 r total tumor dose, this was 
later increased to 2,500 r. The immediate 
results were satisfactory but the late results 
have indicated complications similar to 
those experienced in this series.” 

The treatment schedule used in the pres- 
ent report corresponds to the time-dose 
relationship as reported by Cohen for 7 
davs, but his figures are for daily treatment 

rather than two fractions. Tumor control 
appeared to be excellent and the radiation 
dose was well tolerated bv the skin. In 
addition, there was minimal svstemic reac- 
tion to these massive doses, probably asso- 
ciated with the relatively low integral dose 
and absence of side scatter with this high- 
energv radiation. 


Unfortunately, the tolerance of under- 
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lying striated muscle was poor. Almost 
every patient so treated developed fibrosis 
and contracture, with ensuing restriction of 
shoulder joint motion. There was also a 
high incidence of dysphagia, secondary to 
esophagitis, but this was less distressing 
than the muscular fibrosis. 

The 3 cases of radiation myelitis are, of 
course, an unfortunate complication. It is 
apparent that the central nervous system 1s 
unusually sensitive to this system of frac- 
tionation and extreme care must be used to 
exclude the spinal cord in treatment fields 
where rapid fractionation techniques are 
used. 

Guttmann? reports that in 67 patients 
treated with radiation only for breast carci- 
noma with internal mammary lymph node 
and/or highest axillary lymph node involve- 
ment, 22 were free of disease after 5 years. 
In the present series, the follow-up is short 
and it is expected that most of the patients 
will ultimately develop metastases or local 
recurrence before 5 years have elapsed. In 
view of the high incidence of distressing 
complications in this series and the rela- 
tively good results obtained by Guttmann 
with more conventional technique, it was 
decided to discontinue the once a week 
treatment approach. 

However, it is possible that some other 
type of treatment schedule rather than 
daily irradiation may be preferable in ad- 
vanced breast cancer. Fewer treatments 
result in less expense and travel for the 
out-patient and may produce better tumor 
control. Also, more treatment time for more 
patients is allowed on overcrowded super- 
voltage equipment. 

While the massive dose technique cannot 
be recommended where extensive volumes 
of tissue are to be included, there is still a 
place for this mode of therapy. In patients 
with advanced metastatic disease, this 
technique can be of value in treating the 
local breast tumor when this may be caus- 
ing symptoms or threatening ulceration. 
The high complication rate is not to be 
expected when the pectoral muscles, esoph- 
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agus and spinal cord are not included in the 
treatment fields. 


SUMMARY 


1. A series of patients with advanced 
breast cancer is presented that has been 
treated with an unconventional fractiona- 
tion of the radiation dose, f.¢., 2,500 r maxi- 
mum skin dose in two fractions over 7 
elapsed days. 

2. The degree of tumor control was ex- 
cellent with control achieved in 9 of 12 
patients in Stage 111 and partial control in 2 
others. There was a poor response in only 1 
patient. 

3. In more advanced disease (Stage 1v), 
complete control of local disease was 
achieved in 2 patients who survived for 
only a short time. Two other patients were 
partially controlled and 2 patients did not 
respond. 

4. The high percentage of late fibrosis 
involving the pectoralis musculature and 
limiting motion about the shoulder joint, as 
well as of radiation myelitis caused discon- 
tinuance of the project despite excellent 
tumor response. 


Medical Department 
Brookhaven National Laboratory 
Upton, Long Island, New York 
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demonstrated in tissue culture that cells 
sublethally damaged by radiation recover 
completely from this damage, so that the 
effect of a second dose is exactly the same as 
that for the first, provided the second dose 
is given after recoverv is complete and be- 
fore the onset of division after the radia- 
tion-induced delay. Then cell survival 
depends only on the number and size of the 
fractions. Applying these results to radia- 
tion therapv, he showed that curves of the 
same general shape as the time-dose curves 
developed from clinical data would result 
from calculation of the total dose required 
for iso-survival of cells for various numbers 
of treatments. In other words, time-dose 
curves could be explained, qualitatively at 
least, solelv on the basis of the number of 
fractions into which the total dose 1s 
broken. With the usual daily treatment, 
longer over-all times would mean more and 
smaller treatments and would require a 
larger total dose; shorter over-all times 
would mean fewer and larger treatments 
and would require a smaller total dose. 
There has been a tendency to extend 
these observations further than the data 
warrant and imply that time-dose curves 
can be explained quantitatively, as well as 
qualitativelv, in these terms. But there are 
several aspects of clinical radiation. ther- 
apy which do not conform to the limitations 
of the experiment in tissue culture. So- 
called “daily” treatment actually has gaps 
of 2 or 3 davs at each week end. It condi- 
tions 75 vivo are the same as £z vitro with 
respect to the time at which cell replace- 
ment begins— about 30 hours—one would 
expect some replacement during these 


gaps. Then time-dose curves w 
faster than predicted on the bas 
above reasoning because addition 
would be required to compensate 
replacement. Actuallv, just the 
seems to be true; time-dose curv! 
ently rise more slowly than prec 
these calculation. Furthermore, t 
culture work extends onlv to 4 tr 
and perhaps cannot be extrapolat 
large number-—approximatelv 30 
used clinically. We do not know 
dose-response would remain the 
this many repetitions, that abili 
cover would be undamaged, or 
replacement would not be delayed 
take place more slowlv. Finalh 
separated cells of uniform radios 
were used in the tissue culture ex 
while zz vivo we deal with ล mixtu 
of varving degrees of oxvgena 
sensitivitv in close contact with e 
so that interaction among them is 
All these differences might well m 
simple process seen 1n tissue cultu 


EXPERIMENTAL INVESTIGAT 


Some of these differences wer 
gated in the present experiment. 
portance of intervals long enoug 
replacement to take place, the ti 
treatment series at which such int 
cur, and the influence of their lei 
examined in spontaneous tumor 
using 12 treatment sessions. 

It has already been shown in 
experiment? that if the weekly de 
constant, fewer and larger fracti 
though the intervals between 
longer, result in a higher cure ra 
these conditions the number and : 


* From the Department of Radiology, Henry Ford Hospital, Detroit, Michigan. 
Presented at the Forty-fifth Annual Meeting of the American Radium Society, San Francisco, California, April 174, 1 
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fractions are more important in the deter- 
mination of cure rate than the cell replace- 
ment taking place during the intervals 
between fractions. In the present experi- 
ment the number and size of the fractions 
were kept constant at 12X667 r but the 
weeklv dose varied as the intervals between 
them changed in length and position in the 
treatment series. 

A total of 333 C3H. He] mice bearing 
spontaneous mammary adenocarcinomas 
between 8 and 1g mm. in diameter was 
used. These mice have been employed in 


several earlier experiments; all details of 


their handling and of the radiation tech- 
nique were reported then? and will not be 
repeated here. To make certain that the 
fractionations examined included intervals 
long enough tor cell replacement to take 
place, treatment everv day without any 
gap at the week end (over-all time 11 days) 
was compared with treatment three times a 
week (over-all time 25 days). Cure rates 
were 24 per cent and 19 per cent, respec- 
tively, for all mice beginning treatment. If 
the number and size of the treatment doses 
were the only determining factor in dose- 
response, results would have been the same. 
The difference represents cell replacement 
during the longer intervals in the second 
treatment plan. [t is recognized that cell 
replacement may not be the only factor 
which influences cure rate here, but for the 
sake of simplicity it is the only one men- 
tioned at this point. 

To find the importance of the length and 
position in the treatment series of such 
intervals, 4 treatment plans were com- 
pared, all involving 12X667 r to 8,000 r in 


(3) at decreasing intervals, and (4) ina 


the second and third plans 4 davs, and in 
the last 11 days. Comparison of their re- 


length of the interval. Plans 2 and 3 were 


the same except that in one the long gaps 
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12 X 667r, TO 8000r IN 25 DAYS 


3TIMES 
A WEEK 


AT INCREASING 
INTERVALS 


AT DECREASING | | | iiil 
INTERVALS 
T WF MTWT 
SERIES 
MTWTF M F MTWTF 


treatment plans which were compared. 


occurred near the end of the series and in 
the other near the beginning. Differences 
here should show the influence of the posi- 
tion at which the gap occurs in the treat- 
ment series. (Another reason for including 
Plan 4 is the success of "split-course" 
therapy of human tumors, as reported bv 
Sambrook? and Scanlon®. 

Response to treatment was evaluated by 
the fraction of tumors controlled. This was 
determined by palpation, only those tu- 
mors being classed as controlled which 
showed no sign of recurrence to the death 
of the mouse. Palpation gives a much more 
accurate estimate of cure in mice than in 
humans. Mouse skin is free enough so that 
it and the tumor immediately underlying 
it can be picked up between the thumb 
and forefinger. Tumors only 1 mm. in 
diameter can be easily detected under 
these conditions. Mice were examined 
weekly until their death and their status at 
last examination was used for classification. 
Follow-up ranged from a few days to more 
than 200, with a mean time of 8¢ davs for 
all mice, or 96 davs for cured mice and 83 
days for mice dying with tumor present. 

Results of treatment among mice com- 
pleting the series are presented in Figure 2. 
Thev show that the 3 times a week plan 
with the shortest maximum interval of 3 
days gives the best result. Any plan with 
intervals longer than this gives poorer re- 
sults. Long gaps do more harm to the cure 
rate when they occur near the beginning 
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Fic. 2. Control of treated tumor among 
those mice completing treatment. 


than when they occur near the end of a 
series, that is, the cure rate is better for 
increasing intervals (Plan 2) than for de- 
creasing intervals (Plan 3). But if a sufh- 
ciently large dose is. given early in the 
series, even a longer gap between treat- 
ments later on (Plan 4) will not decrease 
the cure rate as much as when the gaps 
occur early (Plan 3). 

The differences shown here are not statis- 
tically significant. Real, but small, differ- 
ences require a very large number of test 
objects for statistical significance. Over 
6,000 mice would be required to make all 
these differences significant at the 5 per 
cent level. The present study was the work 
of a year and a half, so it 1s obviously not 
practical to attempt this, especially since, 
as will be seen later, only small differences 
would be expected. 


DISCUSSION 


Let us first consider the difference in re- 
sults between Plans 2 and 3, increasing 
intervals and decreasing intervals. They 
show that a long treatment interval harms 
cure rates more when it occurs near the 
beginning of the series than when it occurs 
near the end. Near the beginning of the 
series more cells are present than near the 
end, when lethally damaged cells have dis- 
appeared. If more cells divide during the 
period between treatments, the increase in 
absolute number of cells is greater. Essen- 
tially, then, we are treating a larger total 
number of cells if we permit division near 


Jaxvazr, 1964 


the beginning of the series. Since the end 
result of treatment is survival of a certain 
fraction of the cells, the absolute number in 
this fraction will be greater and the cure 
rate will be lower. 

Furthermore, cells surviving irradiation 
grow more slowly,* so that replacement will 
be less late in the series and gaps at this 
time will not be as important to the cure 
rate. It is possible that greater delay in 
resumption of division may result from re- 
peated irradiation and also affect cure rate. 
Dose-response may be less near the end of 
the series since a greater proportion of 
anoxic cells may remain after the more 
radiosensitive oxygenated cells have been 
largely eliminated. 

Now let us consider the 3 plans which 
include an early, large dose. Plans x, 2, and 
4, treatment 3 times a week, at increasing 
intervals, and the divided series, all in- 
cluded 6X 667 r, or 4,000 r, during the first 
2 weeks of the series. The longest intervals 
between treatments were 3, 4, and 11 days, 
respectively. Cure rate dropped from 23 to 
17 per cent as the 3 day interval was in- 
creased to 4, but only to 14 per cent as the 
4 days became 11. Evidently, cure rates 
decrease at the interval increases, but not 
in proportion to its length. 

The explanation for this may be found 
in Figure 3. This shows the number of cells 
in mitosis before, and at different times 
after, a dose of 667 r, expressed as per cent 
of the preradiation level. The difference 
between 1 and 2 days was very slight. After 
this the number of cells in mitosis increased 
more and more rapidly and appeared to re- 
turn to the preradiation level at about 4 
days, after which it would remain the 
same. 

In changing from treatment every day 
to treatment 3 times a week, intervals of 2 
days were inserted but these had little more 
effect than the 1 day intervals. The 3 week- 
ends introduced intervals of 3 days and 
these did more to lower the cure rate. 
Treatment at increasing intervals had sev- 
eral intervals of 3 and 4 days during which 
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replacement was appreciable and cure rates 
dropped still more markedly. But the last 
plan, the divided series with the 11 day in- 
terval occurring after a steady rate of divi- 
sion had been reached, was little worse than 
the 4 day interval. 

Up to 4 days the effect of increasing the 
interval between treatments depends on 
the speed with which the preradiation 
mitotic rate is regained or the speed with 
which the sublethally damaged cells repair 
their damage. This would depend, for one 
thing, on the size of each fraction.? After 4 
days (for this dose) the etfect of further in- 
crease In the interval is related to the rate 
of growth, or doubling time, of the tumor 
and is propor tional to the length of the 
interval minus 4 davs. 

Incidentally, this curve illustrates an- 
other difference between cells in tissue cul- 
ture and tumors 77 vivo. In the tissue cul- 
ture the cells are in phase, irradiation ar- 
rests mitosis and a plateau occurs during 
which there is no division. In these tumors 
1H vivo, as can be seen from Figure 3, there 
are some cells in mitosis at all times after 
irradiation and no such plateau occurs. 

In order to find the doubling time for this 
mouse tumor, untreated tumors were meas- 


ured daily by fitting them to holes in stiff 


paper. Although the rate was not the same 
among the different mice, nor at different 
times in the same mouse, the mean dou- 
bling time 1n the range of tumor size used 
in this experiment was about 8 days. Actu- 
allv, during the 11 dav interval in the 
middle of the treatment series, it would be 
somewhat longer than this, as already men- 
tioned. Human tumors, in general, have a 
very much longer doubling time than this! 
and a gap of 11 davs should result in less 
cell replacement and hence less decrease in 
cure rate than was found here. Verv little 
increase in dose would be required to com- 
pensate tor it. This would explain the good 
results reported by the radiotherapists us- 
ing "split-course" therapy. 

The time to return to a normal, preradia- 
tion mitotic rate, on the other hand, de- 
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COUNT 





} 2 3 4 
DAYS AFTER 667r 


Fic. 3. Number of cells in mitosis before, and at 
various times after, irradiation. with 667 r, ex. 
pressed as per cent of the preradiation level in 
C3H mammary adenocarcinomas. (This study was 
done by Dr. John W. Budd, pathologist at Holly- 
wood-Presbvterian Hospital, Los Angeles, Califor- 
nia,} 


pends on the size of the dose of radiation 
and might be more rapid for the smaller 
doses used in radiation therapy. If this is 
the case, a relatively greater drop in clini- 
cal cure rate would be expected than was 
found in the mice if short intervals, but 


greater than 1 day, occurred between 
treatments. 
SUMMARY 


Spontaneous mammary adenocarcinomas 
in C3H mice were irradiated with 12667 r 
to 8,000 rin 25 days with different spacings 
of the treatments within this time period. 
Results showed that gaps between treat- 
ments which occur early in the treatment 
series will harm cure rates more than if thev 
occur late in the series and that the de- 
crease in cure rate increases, although not 
proportionally, with length of the gap. 


Henry Ford Hospital 
Detroit 2, Michigan 


The author would like to express apprecia- 
tion for the technical assistance of Mr. Athan 
Carros in treating the mice. 
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CARCINOMA OF LUNG: RESULTS OF 
RADIOLOGICAL TREATMENT* 


By H. OMAR HUSTU, M.D., and JAMES J. NICKSON, M.D, 


NEW YORK, NEW YORK 


qu paper is based upon an analvsis of 
225 patients treated during the vears 
1953 to 1956, inclusively, for carcinoma of 
the lung. During that time 921 such cases 
were recorded in Memorial and James 
Ewing Hospitals. Of these, 632 were not 
suitable for inclusion in this report for the 
reasons shown in Table 1. Fifty-three pa- 
tients are not reported because, although 
they had radiation therapy, the records are 
incomplete or are missing. Finallv, 11 other 
patients are technically eligible for the 
study, but the hospital records were not 
avallable and must be presumed to be miss- 
ing. Thus, of the 921 patients, 696 were not 
eligible for this studv. 

It should be stated here that the con- 
clusions which will arise from this review 
do not change in any marked fashion the 
well.established opinion in the literature 
that the treatment of far-advanced car- 
cinoma of the lung, which is the radiolo- 
gist's normal lot in attempting to help pa- 
tients with this disease, 1s a discouraging 
task. | 

The 225 eligible and available cases were 
reviewed and even patients who received 
onlv 2 or 3 treatments were included when 
they satisfied the conditions described 
above. 


STAGING 


In a prior paper on this subject! a method 
of staging for carcinoma of the lung was 
presented. This staging has been modified 


(Table 11) so that it now is based primarily | 


on anatomic and clinical considerations. 

As a guiding principle, any information 
acquired from the diagnostic work-up mav 
be used in staging. Any information ob- 
tained from a therapeuticallv oriented pro- 
cedure may not affect staging. 


แล | 
CARCINOMA OF THE LUNG 


(Memorial and James Ewing Hospitals) 





Total number of cases registered: 
1953229 
1954—254 


Cases not included because: 
Lung was partially or wholly resected | 
Primary lesion was not treated at Me.| 

morial Hospital | 
Had only radon seed implantation 
Had only chemotherapy 
Had only supportive treatment, or no 


P 
"m 
{ง 


t 

[ 

treatment | 

Slides were not reviewed at Memorial Hos. ! 
pital 


No pathology report is in the chart, or 
diagnosis ts doubtful 
Had radiation therapy, but records are in- 
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j 


complete 53 
Hospital charts are not available ir 
Not included 696 
Included 225 
Total 921 


FACTORS OF TREATMENT 


The patients were treated by a 1 mev. 
roentgen-rav machine, a telecobalt 60 unit, 
or by 250 kv. roentgen-ray units. The 
Mark 1 IAEC cobalt 60 teletherapy unit 
was used at either 70 or g§ cm. source skin 
distance; the 1 mev. unit was used either at 
7 ๐ or 100 cm. target skin distance, com- 
monly the former; and the G.E. 250 kv. 
unit was used with a half value laver of 2.0 
mm. of copper at 70 cm. target skin dis- 
tance. 

Field sizes were determined from data 


* From the Department of Radiation Therapy, Memorial Hospital for Cancer and Allied Diseases, and James Ewing Hospital, New 
York, New York. Presented in part at the Tenth International Congress of Radiology, Montreal, Canada, August 26-September t, 1962. 
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obtained on physical and roentgen ex- 
aminations. In general, the primary lesion 
and the regional lymph nodes were treated 
with margins of at least 2 cm. in excess of 
those necessary for the volume believed to 
contain the cancer. Tissue doses with 
supervoltage therapy ranged from less than 
tco rads in § days to 6,800 rads in 58 days. 
Commonly, the treatment schedule called 
for a 200 rad midplane dose daily. The 
usual weekly increment was 1,000 rads. 

One-hundred and seventy-four patients 
were treated with supervoltage radiation; 
51 were treated with 250 kv. units. Ran- 
domization was not used for the assignment 
of the patients to the various units. 

Table 111 shows the distribution of pa- 
tients according to age, sex, histology and 
staging. The age and sex distribution in 
this series was a typical one for this disease. 
The category "anaplastic carcinoma" com- 
prises only cases reported by the histolo- 
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gist as anaplastic or "oat cell tvpe;" 22 
were of the "oat cell type.” The “undeter- 
mined" categorv contains cases reported 
as "carcinoma" without further qualifica- 
tion. 

The distribution by staging 1s as would 
be expected in an institution in which pa- 
tients deemed to have possibly resectable 
lesions are treated with an operative pro- 
cedure. Of the 225 cases, 140 were clinically 
classified as inoperable and nonresectable 
(Stage 1v). It 1s obvious, therefore, that 
the bulk of the data to be reported and 
discussed in this paper is derived from ex- 
perience with patients with far advanced 
cancer. For example, in 10 patients, treat- 
ment of metastases preceded treatment to 
the primary lesion, ranging in time from à 
few weeks to 74 months. In several other 
cases, radiation therapy was given con- 
currently to the primary lesion and to a 
metastatic area. 


TABLE H 


STAGING OF CARCINOMA OF THE LUNG 


. Operable and Resectable Cases 


1, Discrete tumor, roentgenologically not adjacent to the chest wall or merging with hilar shadow 
2. No suggestion of mediastinal lymphadenopathy 
3. Distinct atelectasis of a lobe or small segment 


Stage 1t. Operable and Probably Resectable Cases 


1. Discrete tumor, roentgenologically adjacent to the chest wail or merging with hilar density or 


associated with an enlarged hilus 


£22 to 
* * 


vA 
* . 


Involvement of rib (not metastatic) 


Mediastinal lymphadenopathy by roentgenography or bronchoscopy 
A main stem lesion more than 1 cm. from carina 
Chest wall invasion adjacent to the, tumor 


Stage 111. Operable but Probably Not Resectable Cases 


. Involvement of esophagus 
. Involvement of vertebral body 
. Horner's syndrome 


5 toe 
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Any case of oat-cell or anaplastic carcinoma 


. An elevated venous pressure over 150 mm. H;O in arm on affected side 
. Main stem bronchus involved within 1 cm. of carina 
. Pleural effusion negative for cancer cells or not studied 


8. Either phrenic or recurrent laryngeal nerve paralysis 


Stage 1v. Nonoperable and Nonresectable Cases 


. Extrathoracic metastases 
. Metastases to opposite lung 


3. Pleural effusion with proved cancer cells 


I 
2 
3 
4. Both phrenic and recurrent laryngeal nerve paralysis 
c. Any combination of conditions in Class 111 


- น เ + ง 3 55+1+1+55050 ๐ 0 PREMIER d 
ผา ฟ ไซ ไซ ร์ RE 


—————————————ÁÁ—————————Ó A ES 








Vor. 91, No, 1 Carcinoma of Lung 97 
Tank TH 
CARCINOMA OF THE LUNG 
DISTRIBUTION ACCORDING TO AGE, SEX, HISTOLOGY AND STAGING 
i i "€ m . i i +3 & 4 
l MT ^ ;i Undeter- | E pider- Ana-  jAdenocar- rp Ls | j 
Age | Male | Female | t A | Er 0 5 k p CU- Terminal | ——. DÀ - 
| | ine M Masti moma | “0 EN 
| | mined | me piastic | SIBI 2 | Ip, wu | uty av 
- 1+1 น น 3 ก ง VENAE 5 mi it Gens ES ed Sean " 
349 | 4 - i 2 | | 
41-50 | 3 7 | 7 ]| mm T. pow d € ว 33-536 
51-60 | 68 j i 10 | 41 I. | ธุ | 5 | | 16 | E 47 
61-70 | 78 4 6 | 55 | is L *- 4 à | | 12 20 | 49 
: i i : 3 | 
71-80 | 24 2 | Eo 19 | I | | I EIR uw .q9 
tS HR EN เต ล 0 0 3 3 3 ้ 55 ๐ 1! = 0 เก ร p cepe EPUM i ma j aa nadasa iS idm ! “20 ! E RENS อ EIER az: 
| 205 | 20 | 29 |o 35 | pr | 16 10 2337 | a6 | 140 
: H i : 2 | i D 
i TSC GS PE 5 dash TS LT ; ลา ร มร อ ล ล อ อ อ อ อ ออ อ อ 0: เร ไ ไ ไ ไ ใ ้ ้ 0 fea 
| 225 | 225 225 


FOLLOW-UP 

For the Service patients, follow-up was 
the joint responsibility of the Thoracic 
Service, Department of Surgery and the 
Thoracic Clinic of the Department of 
Radiation Therapy. For semiprivate and 
private patients, the attending physician 
for the patient commonly discharged this 
responsibility. In instances where the pa- 
tients lived at great distances from Memo- 
rial Hospital, follow-up was primarily by 
letter from the referring physician. 


RESULTS 

The results of treatment are reported by 
Stages. Figure 1 shows the experience for 
Stage 11 carcinoma. In this and in subse- 
quent Figures, the patients are divided 
frst into those who had surgery, then this 
category is subdivided into those patients 
who had implants at operation and those 
who had thoracotomy only. The second 
major group is composed of those who had 
no exploratory thoracotomy. Further, the 
modality of treatment is considered, those 
treated with 1 mev. or cobalt 60 being in 
the upper portion of the groupings men- 
tioned above. Each case is assigned a posi- 
tion in descending order according to the 
maximal midplane tissue dosage delivered. 
On each lifeline, the arrow pointing up- 
ward indicates the time of thoracotomy, if 
any. The pathology is indicated bv the 


character of the lifeline for each patient. 
Thirty-seven patients were classified as 
Stage 11. The average time of survival for 
this group was 9.8 months and the mean 
survival time 8.8 months. Twenty-five pa- 
tients lived more than 6 months, 12 lived 
more than 12 months, and 7 more than 18 
months. One patient (Case 205) is not in- 
cluded in this table. He was a 1 year old 
male presenting complaints of chest pain, 
cough and hemoptysis. In June, 1948 this 
patient underwent right thoracotomy else- 
where for a large mass occupying the right 
upper lobe. The tumor was found to be 
fixed to the surrounding structures and was 
considered nonresectable. After surgery, he 
received a course of radiation therapy for 
48 days. The dosage and factors are un- 
known. In February, 1956, he again de- 
veloped hemoptysis and was explored at 
Memorial Hospital. The lesion was con- 
sidered nonresectable. Frozen sections were 
reported as anaplastic carcinoma. Post- 
operatively, he received a course of nitro- 
gen mustard (HN;) intravenously and 3,100 
rads to the right hemithorax through 
23X13 cm. anterior and posterior ports 
with the r mev. unit. There was relief of 


1957 because of progression of the disease 
he was again irradiated, 1,200 rads being 
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Fio. 1. Carcinoma of the lung, Stage I. Duration of 
life after start of external beam irradiation. (See 
text for explanation of figure.) 


delivered. The patient expired in March, 
1958, 9 years and 8 months after the first 
thoracotomy. No autopsy was performed. 
Since the histologic diagnosis of cancer of 
the lung was made at the second thoracot- 
omy and since the history as a whole was 
so atypical, we have felt it wiser to ex- 
clude this patient from tabular presenta- 
tion. 

Stage 111 lesions are shown in Figure 2. 
The manner of reporting is similar to that 
described for Stage 11. In this group there 
were 46 patients. Twenty-two patients lived 
more than 6 months, 9 survived more than 
12 months, and 7 survived 18 or more 
months. The longest survival time was 52 
months. The average time of survival for 
all patients was 8.7 months, the mean sur- 
vival time 5.3 months after the beginning 
of radiation therapy. One patient (Case 
199) is not included. He was a 67 year old 
male who had an epidermoid carcinoma of 
the left lung. After receiving 300 rads at 
Memorial Hospital, subsequent treatment 
was given elsewhere. No information could 
be obtained regarding the total dose de- 
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livered. He survived 20 months after the 
start of irradiation. 

The results for 140 patients in Stage 1v 
are shown in Figures 3, 4, B and C. Sixty- 
six patients survived 6 or more months, 24 
survived 12 months or more, and 5 survived 
18 months or more. The longest survival 
time was 29.5 months. The average time 
of survival was 6.5 months, the mean sur- 
vival time 5.1 months. 

Twenty-five patients had radioactive im- 
plantation at the time of exploratory 
thoracotomy. They are shown in Figure 4. 
The number of millicuries of radon or the 
milligrams of radium equivalent for ir- 
idium 192 is given at the left of the table. 
Unfortunately, data regarding the volume 
of the implant are not available for most 
of these patients; therefore, no basis ex- 
ists for the estimation of tissue dosage. 
Volume dosage estimations are routinely 
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Fig, 2. Carcinoma of the lung, Stage i. Duration of 
life after start of external beam irradiation. (See 
text for explanation of figure.) 
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available for patients treated after 1967. 
In Stage 11, 13 patients were implanted; in 
Stage 1, 5; and in Stage rv, 7. Survival, 
histology, dose, and modality of radiation 
therapy are given in the manner cited 
above. As in the earlier figures, the survival 
time is calculated from the start of external 
irradiation. For an estimation of the time of 
survival after implantation, the length of 
the lifelines between operation and the 
beginning of radiation therapy must be 
added. The table shows that in some of 
these patients, external radiation was given 
many months after implantation, com- 
monly because of evidence of regrowth of 
the primary lesion. These patients, there- 
fore, must be considered separately from 
those in whom the implantation was sup- 
plemented promptly by external irradia- 
tion. 


CHEMOTHERAPY 
In the entire series of 225 cases, $5 pa- 
tients received nitrogen mustard during 
the course of their disease. Forty-four of 
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these were classified as Stage 1v carcinoma. 
In 33 patients nitrogen mustard was given 
before external radiation therapy. It is not 
possible to evaluate the impact of the 
nitrogen mustard upon the survival time 
of these patients. Of these patients, 27 
were classed as in Stage 1v. Their average 
survival time was 4.6 months, as compared 
with an average survival time for the entire 
group of Stage 1v patients of 6.5 months. 
It 1s reasonable to assume that the pa- 
tients receiving nitrogen mustard had on 
the whole more advanced disease than those 
not receiving the agent, and, therefore, con- 
clusions pertaining to the shorter period of 
survival cannot be made. 

The relationships of survival time by 
stage of disease, by dose delivered, by the 
quality of radiation and by the use of im- 
plants are presented in Figures 5, 6 and 7. 
(One patient, Case 87, is not included. He 
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was a 66 year old male, Stage 1v, who re- 
ceived 4,100 rads tissue dose for an epi- 
dermoid carcinomaof the lung. Nofollow-up 
data were available.) No obvious correla- 
tion is shown between dose or quality of 
radiation and length of survival or be- 
tween survival time and histology or stag- 
ing in this group of patients; however, 
regarding histology, for cases other than 
epidermoid carcinoma, the number of pa- 
tients was relatively small and correlation 
could not be expected. In the epidermoid 
carcinoma patients, the average survival 
time was 10.3 months in Stage II, 9.3 
months in Stage 111, and 6.2 months in 
Stage Iv. 

For Stage 11, of the 7 patients who sur- 
vived more than 18 months, 6 had a diag- 
nosis of epidermoid carcinoma and 1 a 
diagnosis of adenocarcinoma. For Stage 
rur, of the 7 patients who survived 18 or 
more months, 1 patient had a diagnosis of 
terminal bronchiolar carcinoma, 1 a diag- 
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nosis of undetermined carcinoma, and ธุ a 
diagnosis of epidermoid carcinoma. In 
Stage 1v, of the 6 patients who lived more 
than 18 months, 1 had a diagnosis of a 
terminal bronchiolar carcinoma, 1 of ana- 
plastic carcinoma, and 3 of epidermoid 
carcinoma. 

The mean survival time as a function of 
staging, and as a function of the presence 
or absence of thoracotomy, and/or im- 
plantation is shown in Table iv. The num- 
ber of patients in all categories, save 
Stage Iv (no surgery), is so small as to 
make any significance doubtful. For the 
patients who had implantations, the mean 
survival time is given from the time of the 
procedure and also from the beginning of 
radiation therapy. 


DISCUSSION 

The present study supports the con- 
clusions reached in our prior work! 

For those patients with clinically oper- 
able Stage 1 or 11 carcinoma, the depart- 
mental experience proved of interest. In 
general, these are patients for whom an 
operation was urged but was refused. In 
Stage I, 2 patients were treated. One pa- 
tient (Case 179) had an epidermoid car- 
cinoma and lived for 4 vears after treat- 
ment. He was a 71 vear old male with a 
past history of cholecystectomy for cho- 
lelithiasis, a chronic gastric ulcer, malnu- 
trition and episodes of painful swelling of 
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both ankles. In February, 1956 he com- 
plained of tenderness in the left breast with 
evidence of gvnecomastia and pain in the 
shoulders and ankles. A chest roentgeno- 
gram taken in October, 1956 revealed a 
mass in the left upper lung field, measuring 
about 1X3 cm. in diameter. Sputum 
studies were negative. He had a minimal 
amount of cough and no chest pain. An ex- 
ploratory thoracotomy was advised, but 
was refused. From November 27, 1956 to 
January 3, 1957, following a clinical diag- 
nosis of carcinoma of the lung, the left 
lung lesion received a tissue dose of 4,300 
rads with the 1 mev. machine through 
opposing 9 X13 cm. anterior and posterior 
ports. Subsequent roentgenograms of the 
chest revealed no progress of the pulmonary 
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asymptomatic during this time and then 
pean to complain of pain in the left 

scapula. In March, 1960 the sputum be- 
came positive for อ ก cancer cells. 
In April, 1960 he received another course 
of irradiation to the lett upper lung, 3,000 
rads tissue dose being delivered in 24 days 
by the Co® unit. The patient had multiple 
complaints thereafter, and expired on De- 
cember 6, 1960. No autopsy was obtained. 

The other patient, Case 225, was a 46 





2-53, 
vear old male whose tumor was classified 
histologically as undetermined carcinoma. 
He was living at the time of the prepara- 
tion of this paper, 4 vears and 5 months 
after the beginning of treatment. He re- 
ceived 28 mg. of HN» intravenously. Four 
davs later treatment was started with the 
1 mev. machine through opposing 14X14 
cm. anterior and posterior ports, a tissue 
dose of 3,000 rads being given in 17 davs. 
The histologic slides from this patient were 
reviewed recently by the head of the 





Cvtologv Service of the Department of 


Pathologv and the diagnosis of carcinoma 
was confirmed. 

Three patients in Stage 11 refused surgery 
and were treated by radiation only. Case 
I19 was a 71 year old male with a right 
upper lobe lesion in the proximity of the 


TABLE 


i James J. Nickson JANUARY, 1964 
hilar region, measuring $6 cm. in diam- 
eter. The chief complaints were progres- 
sive dy spnea and a productive cough of 1 
vear's duration. Sputum cvtologv was re- 
ee as positive for malignant cells, 
Class v epidermoid carcinoma. From July 
10, 1955 he was treated with 250 kv. rota- 
tion technique through a gX 11 em. port. A 
tissue dose of 3,600 rads was given to the 
lesion in the right lung. There was favor- 
able symptomatic and objective response 
lasting 20 months. In March, 1957 roent- 
genograms of the chest showed an increase 
in the size of the lesion. Cough was the 
onlv complaint. The right hilus was ir- 
radiated with the 1 mev. machine, a tissue 
dose of 3,000 rads being delivered through 
9X12 cm. anterior and posterior ports. The 
patient was asymptomatic for 7 months. 
a then deve an gone metastases and 

on: 33 months after 
therap py was ; instituted. 

Case 224 was a 7 ๐ year old male referred 
to Memorial Hospital on October 14, 1956, 
after bronchoscopy elsewhere revealed an 
obstructive neoplastic mass in the right 
intermediate bronchus, about 2 cm. distal 
to the upper lobe orifice. Review of the 
histologic slides indicated epidermoid carci- 
noma. From October 15 to November 14, 
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1956, the right lung lesion was treated 
through opposing 13X13 cm. anterior and 
posterior fields with the 1 mev. unit. The 
tissue dose was 4,000 rads. There was ob- 
jective as well as symptomatic improve- 
ment for several months after treatment. 
The patient was followed elsewhere and 
died on April 28, 1958, 185 months after 
beginning of treatment. 

Case 208, a 67 year old male, was referred 
to Memorial Hospital after the diagnosis 
was established at Kings County Hospital. 
Chest roentgenograms revealed a mass 
measuring about 8 cm. in diameter in the 
posterior apical segment of the right upper 
lobe. A right scalene lymph node biopsy was 
reported negative. Cytologic examinations 
of the sputum were reported positive for 
malignant cells, Class v epidermoid carci- 
noma. He refused thoracotomy and was 
bun padatan 0 to a qu. lung 
1967 7 lie received. ds tissue e 
through 22X 10 cm. anterior and posterior 
ports with the 1 mev. machine. À chest 
roentgenogram taken 1 month later showed 
decrease in the size of the lesion. A slight 
pleural effusion was present in the right 
base. There was no improvement of his 
cough. Two months after completion ot 
radiation therapy, he was re-admitted as an 
emergency patient because of marked dehy- 
dration, weakness and back pain. A skeletal 
survey failed to demonstrate any metas- 
tases. He had a downhill course and expired 
a few days later on Mav 4, 1957. No au- 
topsy was done. 

Also of interest are those patients ex- 
plored after completion of irradiation. In 
Stage ii, 3 and in Stage 1v, 2 patients were 
given rudis therapy and subsequently 
were operated upon. For these patients the 
tissue doses ranged from 1,500 rads to 4,700 
rads at approximately the rate of 1,000 rads 
per week. The time of surgery varied from 
10 to 120 davs after beginning of the irradi- 
ation. One case in Stage 111 was explored 
and deemed unresectable by virtue of a 
large bulky tumor and enlarged hilar lymph 
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nodes adherent to the diaphragm. Post- 
operatively he received 4,600 rads in 36 
days and was subsequently RE 
There was marked regression of the pri- 
mary tumor. The hilar lymph nodes, how- 
ever, had only slightly decreased in volumes 
A resection could not be done. This patient 
survived 20 months after institution. of 
radiation therapy. 

Another of the Stage 111 patients who was 
explored after irradiation has been previ- 
ouslv described (Case 199). The remaining 
patient survived 8 months after therapv. 
The 2 patients in Stage Iv survived an 
average P 6 months after radiation treat- 
ment. The pulmonary lesions could not be 
resected in any of these 5 patients. 

Correlation of symptomatic and objec- 
tive response was attempted. Of the 22 
cases, 39 were not suitable for either symp- 
tomatic or objective evaluation. Thus, onlv 
longevity was available for appraisal of 
those patients. Of the remaining 186 cases 
with available information, 113 showed 
evidence of symptomatic relief. It is of 
interest to note that in this group, only 59 
showed evidence of favorable objective 
response. 


SUMMARY AND CONCLUSIONS 


An analvsis of 225 cases of carcinoma of 
the lung. is presented. These patients were 
treated in the Department of Radiation 
Therapy of the Memorial and James Ewing 
Hospitals. A modification of the previously 
reported staging for this disease is sug- 
gested. Using this method of staging, the 
majority of the patients treated were placed 
in Stage tv. Survival of these patients iS SO 
short that doubt exists that radiation ther- 
apy added to their life span. Using longev- 
ity as the criterion of evaluation, it is be- 
lieved that the Stage 1 and 11 cases with 
carcinoma of the lung were benefited bv 
radiation therapy; however, the number of 
patients in the reported series is so small 
that no proof can be offered for this opin- 
ion. The evidence suggests that with radia- 
tion treatment symptoms associated with 


IO4 


this disease can be relieved or may com- 
pletelv disappear in the majority of pa- 
tients. 


James J. Nickson, M.D. 

Department of Radiation Therapy 

Memorial Hospital for Cancer 
and Allied Diseases 

New York 21, New York 
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THYMOMAS—ROENTGEN CONSIDERATIONS" 


NEW YORK, NEW YORK 


LTHOUGH the thvmus has been re- 
garded as important since ancient 
times (7.e., as the seat of courage by the 
early Greeks), the actual functions of the 
thymus gland are only now beginning to be 
unraveled.* So, too, have tumors of the 
thvmus gland been poorly understood and 
only recently have emerged as clearly de- 
fined pathologic lesions.??? In this report 
we are reviewing the roentgenologic fea- 
tures in a series of 65 thvmomas observed 
at the Columbia-Presbvterian Medical 
Center during the years 1942 to 1961. Most 
of these tumors have occurred in patients 
with myasthenia gravis. 

Thymomas, though quite rare, are the 
most common surgical tumors of the ante- 
rior mediastinum. Most typically these 
tumors protrude from the anterior medi- 
ล ร เท น ทา at the base of the heart (Fig. 1, 4 
and B). Exceptionally, they have arisen 


from thymic rests in the neck, in the lung 
and in the subpleural tissue of the chest 
wall, Although the great majority of the 
tumors are encapsulated, thev are often 
adherent to adjacent structures. About 25 
per cent are locally invasive and some 
spread by local implantation on pleural 
surfaces. Distant metastases are very 
rare* 517.1? and are usually to the liver. 

Not considered in this studv are certain 
other tumors of the anterior mediastinum 
which may involve the thymus such as 
thymolipoma; cysts of developmental, lym- 
phatic or hassallian origin; hyperplastic 
mediastinal lymph nodes; teratomas and 
metastatic carcinomas. Some undifferenti- 
ated carcinomas of the anterior medi- 
astinum may be of thymic origin although 
they are not usually regarded as thymomas. 

In thymomas, the two major thymic cell 
types, the epithelial cells of endodermal 





Fic. 1. (4) Thymoma presenting as asymptomatic anterior mediastinal mass adjacent to main pulmonary 
artery in 49 vear old woman, (4) Small asymptomatic thymoma projecting to the right from the medi- 
astinum in the vicinity of the right atrial appendage in 41 year old woman with myasthenia gravis. 


* From the Department of Radiology, Columbia University, College of Physicians and Surgeons, and the Radiological Service of the 
Presbyterian Hospital in the City of New York, 
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TABLE I 


INITIAL EVENT LEADING TO DISCOVERY OF 
THYMOMA 


Patients -Patients 


with without 
Myas- Myas- 
thenia thenia 
Gravis Gravis 
Routine chest roentgenogram: 32 I4 
(g patients with myasthenia 
gravis with no histologic 
examination of tumor) 
Chest pain 4 
Pleural effusion I 2 
Cough 2 
Superior vena caval obstruction I 
Pericardial effusion i 
Autopsy 8 
Total Thymomas.......... 65 A41 ^ 24 


(third pharyngeal pouch) origin and the 
lymphocytes, can present in an extremely 
wide variety of combinations. Conse- 
quently, pathologic classification is diffi- 
cult. The presence or absence of encapsula- 
tion and/or gross invasion has -more 
prognostic value than has histologic class- 
ification. In addition, the ultimate progno- 
sis of the patients with myasthenia gravis is 
much more related to the course of the 
myasthenia itself than to the behavior of a 
thymoma which may be present. 

Lattes!” of the Department of Surgical 
Pathology of the Columbia-Presbyterian 
Medical Center has recently reported an 
excellent detailed clinicopathologic study of 
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these thymomas and others. He has classi- 
fied the: thymomas into a number of 
histologic types including: predominantly 
lymphoid, predominantly epithelial, pre- 
dominantly spindle cell and rosette forming 
types. Some pathologists use the term 
"mixed type" for those tumors failing to 
display an obviously predominant cell type, 
while others prefer not to subclassify thy- 
momas. 

In myasthenia gravis, the thymomas are 
most commonly lymphoid in type, although 
the mixed and epithelial types are fre- 
quently seen. Since ionizing irradiation and 
adrenal steroid administration are particu- 
larly effective in destroying lymphocytes, 
had some of the histologic studies not fol- 
lowed irradiation or the stress of severe 
myasthenia gravis, even a larger number of 
predominantly lymphoid tumors would 
probably be found. Although seldom seen 
with myasthenia gravis, the spindle cell 
type of thymoma is often found in thy- 
momas associated with aregenerative ane- 
mia or acquired hypogammaglobulinemia 


(Fig. 9, Zand B). 


CLINICAL FEATURES 


The thymomas are best considered in two 
groups, depending upon whether or not 
they are associated with myasthenia gravis. 
A variety of initial events first indicated the 
presence of a thymoma—the most common 
being recognition of an anterior mediastinal 


mass on a routine chest roentgenogram 
(Table 1). 


TaBLe II 
AGE AND SEX DISTRIBUTION 


$-15 16-25 
With myasthenia Males 13 
gravis Females 28 I 
Without myas- Males 14 2 
thenia gravis Females 1 ๐ I 
Totals 65 2 2 


i Age Groups 
26-35 36-45 46-55 56-65 66-75 
I 5 4 3 
9 6 5 6 I 
I I 9 I 
1 I 3 4 


12 13 21 14 1 
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Fic. 2. 
(B) The tumor recurred and by 8 


tumor had extended throughout the mediastinum and had invaded both lungs and pleural spaces. Large 
pleural implants are easily seen. 


Iiftv-six of these 65 patients were of 
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Caucasian origin, 7 were Negroes and 1,a 7 
vear old Chinese bov. The age distribution 
of these patients is shown in Table 11. 

The thv momas found in patients without 
mvasthenia gravis were more aggressive 
than those in patients with mvasthenia 
gravis--at least in part because thev were 
generally larger when first discovered and 
could be observed longer after treatment 
because of the absence of myasthenic 
deaths. Eighteen of these 24 thymomas 
were subject to gross total surgical removal, 
though 2 of these tumors -ecurred after 
intervals of 2 and 3 years, respec tivelv, and 
may eventually cause de: idi (Fig. 2, 4 and 
B). One patient refused operation, and the 
other 5 tumors could not be completely 
resected and were subsequently treated bv 
radiation theraov. One of these patients 
has apparently been cured by radiation 
therapv (Fig. 8, A and B); another patient 
has persistent tumor after 8 vears, and in 
the other 4 death was caused by local 
thoracic spread (1 month, 2 months, and 7 
years following otopsv, and after 9 vears in 
the patient refusing operation). Among 
these patients, 3 have had pericardial 
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(4) This lobulated left paracardiac thymoma in a 35 year old Negro woman was completely resected. 
| vears later, despite reoperation ard radiation therapy, the uncontrolled 


effusions, 2 have had superior vena caval 
obstruction, and 9 have had pleural effu- 
sions. Only one of these complications (a 
pleural effusion) occurred among the 16 
patients apparently cured bv resection. 
One of the patients who died had two small 
liver metastases, but none of the other pa- 
tients were xnown to have tumor outside 
the thorax. 

In myasthenia gravis the relationship of 
the thymoma to the LI Is DE a 
ent. r 
total Bios. M ก อ ต อ ย was 
possible, though in 6 of these cases the 
tumor was densely adherent to adjacent 
structures, including the lung, being actu- 
ally invasive in several cases. One of the 
patients with a nonresectable invasive thy- 
moma is living after 7 vears, but with 
persistent myasthenia gravis and a pro- 
gressively invading tumor that threatens to 
cause death. Another patient with an in- 
completely -esected tumor has a Ms 
asvmptomatic pleural implant after 3 vears 
of observation. The other patient ES a 
nonresectable invasive tumor presented a 
different clinical problem in that the 
myasthenia gravis frst became manifest 2 
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Fic, 3. (4) Normal chest roentgenogram of 48 year old white woman at beginning of spontaneous complete 
remission from myasthenia gravis which had been present for 6 years, (4) Fight years later this chest roent- 
genogram, obtained because of left-sided pleurisy, revealed this large lobulated left paracardiac thymoma, 
Though locally invading lung, the tumor could be completely resected, and the patient has remained well 
during the subsequent 4 vears, still in remission from myasthenia gravis. 


months prior to death--9 vears after 
tumor biopsy. Only 1 of the other 38 pa- 
tients with mvasthenia gravis has had 
symptoms (an initial small pleural effusion) 
related directly to their thymomas (Fig. 3, 
A and B). This may be because 26 of the 
total of 41 patients have died as a conse- 
quence of myasthenia gravis (2 postopera- 
tively). Twelve of the 15 survivors have 
persistent myasthenia gravis, which in 
3 patients has considerably improved, 
after surgical resection in 2 and radiation 
therapy in the other. Two patients have 
had long remissions after tumor resection, 
while the final patient had already been in 
complete remission for 8 vears before 
tumor resection was performed and has 
continued in complete remission in the 4 
vears following tumor extirpation (Fig. 3, 
Aand 5). 

Three patients who died with myasthenia 
gravis had had known thymic tumors be- 
fore myasthenia developed, 2, 9, and 20 


in onlv 1 of these was the tumor (but not 
the rest of the thymus) resected prior to 


onset of mvasthenia. All of the other pa- 
tients alreadv had mvasthenia gravis when 


this was usualiv when first looked for early 
in the illness, although in 4 cases the tumor 
first appeared a number of vears later. The 
causes of the well-known association of 
myasthenia gravis and thymic abnormal- 
ities including thymic lymphoid hyper- 
plasia and thymoma are not well under- 
stood,’ i^? though this association is re- 
garded bv some as evidence supporting the 
concept of myasthenia gravis as an "auto- 
immune" disease. 


ROENTGENOGRAPHIC FINDINGS 


All of the thymomas in this series were 
predominantly in the anterior mediastinum 
with the exception of 1 tumor which arose 
in the subpleural tissues of the chest wall. 
About half of the tumors appeared at least 
somewhat lobulated, reflecting the charac- 
teristic lobulation and frequent cyst forma- 
tion in the gross tumors. The remainder of 
these tumors were round, oval or plaque- 
like 1 ท shape. Curvilinear calcification 
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Fic. 4. (4) Right paracardiac mass on routine chest roentgenogram of asymptomatic 29 vear old man. (B) 
Twenty years later at the time of onset of myasthenia gravis, the tumor was somewhat larger. (C) L: 


.ateral 
roentgenogram showing large mass in right pericardiophrenic angle. (D) Roentgenogram showing curvi- 
linear calcification in resected tumor. Unfortunately, death in myasthenic crisis occurred one week post- 
operatively. 
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(Fig. 4D) was seen in 4 cases, none showing heart, the others being scattered cephalad 
the more diffuse calcification mentioned by or caudad to this level. The tumors varied 
Bernatz ef al? as sometimes อ อ อ แท ท ไท ย ไท in size from huge masses mimicking mas- 
invasive tumors, Eighty per cent of the sive cardiomegaly or aneurysm (Fig. g, .7 
tumors arose at the level of the base of the anı 
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to tiny structures weighing under 








Fic. s. (4) Frontal roentgenogram demonstrating huge right paracardiac mass in asymptomatic 26 year old 
man. (B) An angiocardiogram excluded the possibility of aortic aneurysm. The large thymoma which in- 
'aded pericardium and crossed the midline was completely resected. (C) This chest roentgenogram failed 
to reveal a mediastinal mass in a 47 year old woman who had had severe chest pain for 10 years, a large 
pericardial effusion 1 year before, and recent pleural effusions and symptoms suggestive of constrictive 
pericarditis. (D) The possibility of neoplasm was not considered until this angiocardiogram demonstrated 
severe compression of central pulmonary arteries. Death due to extensively invading mediastinal thymema 


followed within 3 months despite radiation therapy. 
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3 gm. Onlv 4 of the tumors presented 
obviously on both sides of the mediastinum, 
all of which were invasive. In 6 invasive 
tumors gross pleural implants were recog- 
nized roentgenographically. 

In the absence of myasthenia gravis, the 
possibility of thymoma ts not usually con- 
sidered until an anterior mediastinal mass 
is clearly identified on chest roentgeno- 
grams. In only 2 cases was visualization of 
the mediastinal tumor a problem. Both 
were invasive tumors: one presenting with 
a pericardial effusion was not recognized as 
a neoplasm until angiocardiograms demon- 
strated compression of the superior vena 
cava and pulmonary arteries (Fig. 4, C and 
D), and the other presenting with right 
pleural effusion and pleural implants which 
obscured the mediastinal mass. Obviously, 
pleural effusions or nodules, pericardial 
effusion, great vein obstruction, and 1 
volvement of lung are features of an in- 
vasive tumor e imply a poor prognosis. 

About 1 in 8 patients with mvasthenia 
gravis has a thy moma. This represents an 
incidence of about $,000 times that in 
patients without myasthenia gravis. Con- 
sequently, the most minimal abnormality in 
the anterior mediastinum of a patient with 
myasthenia gravis must be regarded as a 
thymoma until proved otherwise. Twenty 
vears ago when thymectomy was first ad- 
vocated as a treatment for myasthenia 
gravis, many radiologists were chagrined to 
learn that thvmomas were resected which 
were not diagnosed preoperatively. This 
led to the excellent roentgenographic 
studies of Good," Harper,” and Robbins,” 
and more elaborate roentgenographic tech- 
niques for detection of these tumors have 
been recommended, including fluoroscopy, 
roentgenography in multiple projections, 
stereographv, laminagraphy, angiocardiog- 
raphy, pneumomediastinography, etc. 

In this series 41 thv momas were found 
among about 350 patients with myasthenia 
gravis. Fight tumors were first diagnosed at 
necropsv. Four of these tumors were small 
or multiple, weighing less than 7 gm. and 
occurred in patients not fully studied 
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roentgenographically; another tumor was 
obscured by a large aortic aneurysm, while 
the other 3 patients had no satisfactory 
chest roen reer ograms pace to death 

The other 33 
nized roen CIE bot not EM 
difficulty in some cases. Ten of these could 
not be identified on the frontal chest 
roentgenograms (Fig. 64 and 7.7), al- 
though 8 of these could be suspected in 
lateral projection. Two tumors, though 
quite evident in frontal projection, could 
not be seen in the lateral view. Two tumors 
were first identified in oblique projections, 
and about one-third of the tumors were 
most impressively seen in this view (Fig. 
6B and 7C). Undoubtedly, some of the 
tumors would not have been noticed, being 
considered slightly prominent main pul- 
monary arteries, atrial appendages, azygos 
veins, or pericardial fat padsin the absence 
of knowledge that the patient had my- 
asthenia gravis. 

During the past 7 vears we have rou- 
tinelv examined patients with mvasthenia 
gravis utilizing posteroanterior, lateral and 
oblique (at 20°) chest roentgenograms and 
lateral laminagrams of the mediastinum. 
Over 100 such examinations have been per- 
formed with detection of 18 thymomas. No 
known false negative or false positive 
diagnoses have been made, although about 
half of these patients have had direct ex- 
amination of the mediastinum at surgery or 
necropsv. Some tumors, however, may have 
been overlooked, being too small or plaque- 
like to produce a distinct roentgenographic 
abnormality. In several cases an unusually 
dense anterior mediastinum in voung 
women has been correctly interpreted as a 
large thymus gland without thymoma. Al- 
though no tumors were diagnosed by lam- 
inagraphy alone, this technique was found 
valuable in 8 cases in making an abnormal 
contour more substantial and convincing— 
especially in the presence of obesity when 
other projections were less adequate tech- 
nically. Occasionally (4 times in this series) 
when the tumor margin resembled a prom- 
inent pulmonary artery, an atrial append- 
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Fic. 6. (4) Normal frontal chest roentgenogram of 49 year old woman at onset of myasthenia gravis. (B) 
Right anterior oblique study clearly demonstrates a small thymoma overlving the main pulmonary artery 
(a tumor which was only questionably suspected in the lateral view). 


age, a huge right atrium or an aortic 
aneurysm, venous angiocardiography has 
been helpful (Fig c, B and D). We have not 
found fluoroscopy as useful as earlier in- 
vestigators and have not been impressed by 
the value of pneumomediastinography in 
these fragile patients. 

At present we believe that a satisfactory 
routine roentgenographic examination of 
the chest to detect thymomas in patients 
with mvasthenia gravis should include the 
following projections: (1) posteroanterior 
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stereoscopic, (2) left lateral, (3) right and 
left anterior oblique (at 20° obliquity), and 
(4) anteroposterior supine Bucky chest 
roentgenograms. Laminagraphy is not re- 
garded as a necessary routine, but should be 
used liberally at the discretion of the 
radiologist to further investigate suspicious 
shadows of uncertain significance (lig. 77 
and 9B). The most essential feature of the 
examination is that the radiologist is in- 
formed that the patient has myasthenia gravis. 
The same tvpe of investigation should be 
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7. (4) Normal frontal chest roentgenogram of $1 year old white man 6 years after onset of myasthenia 


gravis. (B) Lateral roentgenogram suggesting a possible small mass in upper anterior mediastinum. (C) 
Right anterior oblique study clearly shows lobulated mass over main pulmonary. artery. (D) Lateral 
laminagram of the mediastinum clearly demonstrates multinodular anterior mediastinal thymoma. 
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utilized in patients with aregenerative 
anemia or acquired hv pogammaglobuline- 
mia. 
DIFFERENTIAL DIAGNOSIS 

In the absence of mvasthenia gravis, 
major ditferential diagnostic considerations 
in the roentgenographic diagnosis of the 
usual thvmoma located in the anterior 
mediastinum include: lymphoma, tera- 
toma, metastatic carcinoma, substernal 
thyroid or at times aortic aneurysm. A tis- 
sue diagnosis is required to exclude the 
first three possibilities, Substernal thyroid 
can usuallv be recognized bv its high posi- 
tion in the mediastinum, its motion on 
swallowing, the clinical history and an I?! 
isotope scan. Angiocardiography is some- 
times necessary to exclude aneurysm. 

Among 350 patients with myasthenia 
gravis whom we have studied, 41 thy- 
momas were found. Only 3 other anterior 
mediastinal masses were seen: a large aortic 
aneurysm, a substernal thyroid, and an 
area of paramediastinal 0 tu- 
berculosis-—- all rather easily recognized be- 
cause of clinical history an ด sequential 
chest roentgenograms. 


EFFECT OF RADIATION THERAPY 
Five of the 24 patients without myas- 
thenia gravis had extensive, invasive in- 
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operable thymomas that could only be 
biopsied. One of these patients is appar- 
ently cured 17 vears after treatment of a 
large epithelial tumor causing superior vena 
caval obstruction with a tumor dose of 
2,500 rads in 4 weeks (Fig. 8, 4 and 5). 
One tumor, which completely regressed 
after 3,300 rads in 4 weeks, recurred § vears 
later and again responded to radiation 
therapy but death resulted from persistent 
tumor and radiation pneumonitis. One 
thymoma was reduced only slightly in size 
after 3,000 rads in 4 weeks, but then could 
be almost completelv resected. The other 2 
patients died with extensive persistent 1n- 
vasive tumors within a few weeks following 
tumor doses of 2,100 rads in 6 weeks and 
4,000 rads in 5 weeks, respectively. 

In 3 cases tumor recurrences 2 to § vears 
following surgical resections responded ob- 
jectively by marked tumor regression after 
doses of 2 2,500 to 4,500 rads in 3 to 4 weeks, 
re sulting | in A per tods of 9 but 


nr dent 4; 8, 8, and 10 vears aber opera- 
tion (Fig. 2, Æ and B). Another patient 
who refused operation had a predominantly 
Ivmphoid thymoma (possibly initially re- 
sectable) which responded well to 1,600 rads 
in 10 days but recurred causing superior 
vena caval obstruction 7 vears later, re- 





Vic. 8. C4) Frontal chest roentgenogram of 43 year old white man demonstrates a large inoperable superior 
mediastinal thymoma which had produced superior vena caval obstruction. Complete regression of tumor 
and symptoms followed radiation therapy (tumor dose: 2,500 rads in 4 weeks). Histologically, this was a 
definite thymoma predominantly of the epithelial type. (B) Seventeen vears later the patient is asympto- 
matic and the chest roentgenogram 1s normal. 
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sponded again somewhat to two additional 
courses of radiation therapy and finally 
caused death after 9 years. 

Among the 41 patients with myasthenia 
gravis, only 3 had incompletely resectable 
tumors (of 23 cases surgically explored). 
One of these patients, a 48 year old asymp- 
tomatic woman, had initially an excellent 
response to radiation therapy (3,000 rads 
in 3 weeks), but tumor recurred after 6 
years causing superior vena caval obstruc- 
tion, responded somewhat to additional 
irradiation but recurred, and finally severe 
myasthenia gravis became manifest 2 
months before death and g years after the 
initial diagnosis. Another patient, a 40 year 
old woman with myasthenia gravis, ex- 
perienced an excellent initial regression of 
the tumor following 5,000 rads in 5 weeks 
but after 5 years the tumor has recurred 
and may eventually cause death. The other 
patient with an incompletely resectable 
tumor has not yet been treated by irradia- 
tion. None of the 20 surgically resected 
tumors in this group has recurred although 
12 of these patients have died of myas- 
thenia gravis. Seven of the thymomas in 
patients with myasthenia gravis were 
treated only with irradiation: 3 small tu- 
mors treated with 4,000 rads in 4 weeks and 
another treated with 1,500.rads in 2 weeks 
decreased 1n size or disappeared on roent- 
genographic studies; 1 cystic tumor did not 
respond and 2 patients died of myasthenia 
gravis at completion of therapy before 
evaluation was possible. 

It is clear that with moderate doses of 
radiation therapy most thymomas respond 
with a definite reduction in size, worth- 
while palliation of aggressive tumors is 
often achieved, and in a few patients long 
term tumor control is obtained. Although 
one might expect the predominantly lymph- 
oid thymomas to respond best to irradia- 
tion, our apparent cure involved a pre- 
dominantly epithelial tumor. Supravoltage 
therapy has advantages in the treatment of 
thymomas but the optimal plan for treat- 
ment of these tumors is yet to be worked 
out. 
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SIGNIFICANCE OF THYMOMA IN 
MYASTHENIA GRAVIS 


The practical significance of thymomas 
in patients with myasthenia gravis can be 
considered from several aspects: (1) prog- 
nosis related to tumor growth; (2) progno- 
sis of concomitant myasthenia gravis; (3) 
value of radiation therapy; and (4) value of 
surgical resection. 

As has already been shown, only 1 of the 
4I patients in this series with thymomas 
and myasthenia gravis has died as a direct 
consequence of the thymoma (plus severe 
myasthenia gravis). Two others have per- 
sistent nonresectable tumors, but only 1 of 
these is an aggressively behaving tumor 
which is life-threatening at this time. These 
patients have been followed until death or 
if still living for an average of 7 years. 
Twenty-five have died as a consequence of 
myasthenia gravis and 1, as Just mentioned, 
has died of invasive thymoma and terminal 
severe myasthenia gravis. Only 3 of the 
tumors have caused local symptoms. Since, 
once discovered, nearly all the thymomas 
were either resected or irradiated, the in- 
vasive potential of some tumors was un- 
doubtedly obscured by treatment. 

That thymomas associated with myas- 
thenia gravis seldom are the cause of death 
is supported by observations in the litera- 
ture.” 515152033 For example, of 55 patients 
with myasthenia gravis and thymoma re- 
ported by Eaton and Clagett,’ only 1 was 
known to die as a direct consequence of tu- 
mor invasion although 26 had succumbed 
to myasthenia gravis and 5 had died 
postoperatively. 

In those few instances where the thy- 
momas have caused death, initial detection 
of a mediastinal tumor was usually not 
difficult. In some of these rare patients, the 
myasthenia became evident only during the 
terminal illness caused by the neoplasm!? 
(as in one of our patients). So far as the 
direct ravages of neoplasm are concerned, 
discovery of a very small or occult asymp- 
tomatic thymoma in a patient with myas- 
thenia gravis is not likely to be of critical 
importance in the ultimate prognosis of the 
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patient. From this viewpoint elaborate 
roentgenographic diagnostic techniques, 
especially those involving personal risk to 
these fragile patients such as pneumo- 
mediastinography, would not seem justi- 
fied—especially when the additional diag- 
nostic yield is very small or nil. 

In general, as has been shown, myas- 
thenic patients with thymomas tend to 
have severe myasthenia gravis with a rela- 
tively poor prognosis, whether or not the 
thymoma is resected.711.10.20,33 The mortal- 
ity due to myasthenia in these patients 
has ranged from 27 to 80 per cent. Because 
the results were so poor following thy- 
moma resection in these patients, Keynes! 
and Williams? tried giving preliminary 
radiation treatment to these tumors prior 
to resection. Keynes reported that of 20 
thymomas treated by irradiation (up to 
4,000 rads in 4 weeks) followed by resection 
in the years 1948 to 1953, the total mortal- 
ity by 1953 had reached only 20 per cent 
and 12 of the survivors were much im- 
proved or in remission with respect to the 
myasthenia—results so encouraging that 
further trials in management along these 
lines are continuing, notonly in London but 
also in Boston." According to Keynes? 
(1955) "the necessity for avoiding primary 
operation (prior to irradiation of thy- 
momas) underlies the importance of. carry- 
ing out careful radiographic examination of 
every patient.” Although radiation treat- 
ment preliminary to operative resection of 
thymomas may well be worthwhile, much 


more evidence is required before consider- 


ing it of proved value with respect to the 
prognosis of the myasthenia. 

Independent of the myasthenia gravis, 
in our experience radiation therapy in 
tumor doses of 3,000 to 4,500 rads 1n 3 to 5 
weeks usually causes tumor shrinkage, 
occasionally completely destroys thy- 
momas and can be a valuable therapeutic 
adjunct. Probably the radiation is most 
effective in destroying the lymphocytic 
cells in the tumors. Higher doses would 
more often destroy these tumors, but would 
also more often introduce serious radiation 
reactions in the lungs which can lead to 
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death in these delicate patients. Adrenal 
steroids also have been shown to cause 
temporary shrinkage of some thymomas.™ 
Since thymomas are in general slow-grow- 
ing tumors, long follow-up periods are 
required for accurate evaluation of the 
results of treatment. 

Although surgical resection of thymomas 
in myasthenia gravis is undoubtedly valu- 
able in preventing further tumor growth 
and invasion and for this reason may be life 
saving in a few cases—the value of opera- 
tion must be weighed against the operative 
risk. Since myasthenic patients with thy- 
momas only occasionally. die because of 
tumor invasion (5 to Io per cent), a surgical 
mortality of around 10 per cent as reported 
in most large series might make one hesitate 
to recommend operation, especially for a 
small asymptomatic tumor. It is probable, 
however, that in experienced hands be- 
cause of improvements in surgical tech- 
niques and in pre and postoperative care 
that the expected operative mortality is 
considerably less today (hopefully 2 to ; 
per cent). Under these circumstances thy- 
moma resection is justified from the stand- 
point of tumor control. 

Occasional patients (such as the one with 
the first thymoma successfully resected by 
Blalock?) have experienced complete re- 
mission of myasthenia gravis following 
operation—so that some believe that resec- 
tion is further justified for this reason?— 
particularly following preliminary irradia- 
tion of the tumor.! 

Quite obviously, the decision for or 
against operation depends upon other fac- 
tors, too, such as the patient's age, con- 
comitant diseases, local circumstances, etc. 

At present, substantial evidence suggests 
that thymectomy even in the absence of 
thymoma significantly improves the prog- 
nosis of certain individuals with myasthenia 
gravis—particularly young women.7:19.20.3 
Fragmentary evidence suggests that irradi- 
ation of the thymus in doses of 600 to 2,000 
rads in 3 days to 2 weeks with or without 
subsequent thymectomy may also have 
value in controlling the myasthenia. 11.20.35 
Should it be found that preliminary irradi- 
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ation followed by thymic resection is the 
optimal treatment for mvasthenia gravis— 
roentgenographic demonstration of small 
asymptomatic tumors in these patients 
would become unimportant. 


THYMOMA AND ERYTHROID HYPOPLASIA 


A pecular association of thymomas, 
often of the spindle cell variety, with 
aregenerative erythrocytic anemia has been 
found in at least 37 cases. ?* Indeed, of all 
patients with this rare form of ervthroid 
hypoplasia, approximately so per cent are 
said to have thymomas. These patients are 
almost all over £o vears of age and are usu- 
allv females. 

Of the reported cases, the red cell series 
was selectively involved in 20, with the 
others showing pancvtopenia or thrombo- 
cvtopenia, often as a late event in the course 
of the disease. Myasthenia gravis was pres- 
ent in § cases. Sixteen patients were sub- 
jected to thymectomy, and of these 8 
exhibited a definite hematologic response. 
Three were cured bv surgery alone, 3 re- 
sponded onlv after further treatment in- 
cluding steroid therapy, and 1 had the 
onset of remission 4 years after thvmec- 
tomy. One died shortlv after surgerv but 
had shown a good reticulocvte response 
with marked increase in hemoglobin before 
death. Two of our patients with thymoma 
had aregenerative erythrocytic anemia: I 
responding to thymectomy was previously 
reported; the other, a 47 vear old white 
woman, also had acquired hypogamma- 
globulinemia (Fig. 9, 4 and B). 


s 


THYMOMA AND HYPOGAMMAGLOBULINEMIA 


Another mysterious relationship is that 
between thymoma and acquired hvpogam- 
maglobulinemia; § to TE per cent of patients 
with this rare protein abnormality may 
have thvmomas.? At least 7 examples (5 
women) of this association are known, 
including the case demonstrated here (Fig. 
9, 4 and B). The ages ranged between 36 
and 77 vears. All but 1 have died of the 
consequence of severe infection. None of 
the 4 patients subjected to thvmectomv 
was benefited. One of these patients had 
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Fic. 9. (4) Frontal chest roentgenogram demon- 
strates faint convexity on left margin of mediasti- 
num just below the aortic knob in a 47 year old 
woman with recurrent pulmonary infections for § 
years and severe refractory erythrocytic anemia 
requiring many transfusions for 18 months. (B) 
Lateral jaminagram demonstrates the lobulated 
thymoma in the anterior mediastinum. Kesection 
of this spindle cell tumor did not improve the 
anemia. One year later severe hypogammaglobu- 
linemia was found just prior to death due to sepsis. 


leukopenia, 2 had pancytopenia, and 1 had 
aregenerative erythroid anemia. All thv- 
momas were present at the time of initial 
diagnosis of the hypogammaglobulinemia; 
and 3 were known to be present prior to the 
onset of frequent infections. All 6 of the 
tumors examined histologically were pre- 
dominantly of the spindle cell type. 
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THYMOMA AND CUSHING’S SYNDROME 

Thymoma associated) with bilateral 
adrenocortical hyperplasia and consequent 
Cushing’s svndrome has been described in a 
few cases, usually in men and usually 
diagnosed at necropsy... The thymic 
tumors have been exclusively epithelial in 
type, devoid of lymphatic elements, as 
might be expected due to the known effect 
of adrenocortical hormones on lymphoid 
tissue. 
these epithelial tumors is identical to that 
tound in certain oat cell neoplasms of the 
lung (especially i in their metastases) and in 
certain. rare bronchial adenomas, both 
tumors which have also been associated 
with bilateral adrenal hyperplasia and 
Cushing's syndrome. We have not en- 
countered any thvmomas of this type. 


“GRANULOMATOUS” THYMOMA 

Some pathologists believe that a pri- 
mary granulomatous tumor of the thymus, 
distinct from Hodgkin’s disease exists. ^? 
These tumors usuallv present as large 
masses, more or less confined to the anterior 
mediastinum, and thev spread more bv 
local extension than by systemic neoplastic 
proliferation of the reticuloendothelial SVS- 
tem. The tumors appear to arise from 
thymus and not from lymph nodes, and, 
histologicallv, granulomatous and sclerotic 
foci are seen which are quite similar to those 
seen in Hodgkin's disease. Our surgical 
pathologist, Dr. Lattes,” believes that the 
"Dorothy- Reed" cells of these cases might 
originate from thymic epithelium. These 
giant cells contain PAS positive granules as 
does thymic epithelium, whereas the 
Dorthy-Reed cells of Hodgkin's disease do 
not contain such granules. 

Although these tumors may occur in 
men, the 7 of this tvpe that we have seen 


have all occurred in voung women. Four of 


these patients died after a clinical course 
consistent with conventional Hodgkin's dis- 
ease. The other 3 patients are living and 


well after minimal observation periods of 


6 vears following treatment bv radiation 
therapy alone (2,400 rads in 3 weeks fol- 
lowed in 6 months bv 2,400 rads in 2 
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weeks), surgery alone and by both modal- 
ities (4,000 rads in 4 weeks), respectively. 


จ 


'SEMINOMA-LIKE' THYMOMAS 


Rarely, tumors histologically identical to 
seminoma arise in the thymus in the ab- 
sence of a demonstrable gonadal primary 
lesion.!'"" The embryologie mechanism for 
the origin of such tumors (as well as of 
frank teratomas arising in this region) is 
disputed. Some feel that migratory germ 
cells are responsible for these neoplasms 
while other authorities believe that it is 
possible for such tumors to arise primarily 
from thymic tissue. 

These tumors occur almost exclusively in 
young adult males as large lobulated ante- 
rior mediastinal masses which are locally 
Invasive and may involve regional lymph 
nodes. Symptoms are produced by en- 
croachment upon and adjacent mediastinal 
structures. When only seminomatous tissue 
is found in these tumors, they seem to have 
a relatively good prognosis, responding well 
to surgery and/or radiation therapy. We 
have encountered § such cases, 4 of which 
are alive and well with follow-up periods of 
2 to 6 vears. One died post biopsy with 
airway obstruction by tumor. Two patients 
treated locally with radiation therapy 
(4,000 rads in 4 weeks) because of incom- 
plete resection are well, 3 and ร vears re- 


spectively following treatment. 


SUMMARY 


Experience with 65 thymomas is re- 
ported with attention to roentgenologic 
considerations. 

More than half of these tumors (41) were 
found in patients who had or later de- 
veloped myasthenia gravis. In myasthenia 
gravis the tumors seldom produced local 
symptoms and were often so small that 
roentgenogr: iphic detection depended upon 
recognition of very slight abnormalities in 
the anterior mediastinum. These thymomas 
rarely caused death, the myasthenia gravis 
being much more important in determining 
patient prognosis. 

The thymomas not associated with mv- 
asthenia gravis were discovered because of 
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Fic. 2. Laminagram more clearly demonstrates the 
shape and sharply circumscribed margins of the Fic. 3. Lateral roentgenogram of the mid-thoracic 
posterior mediastinal mass. spine reveals definite erosion and enlargement of 

the right sixth intervertebral foramen. 





Fic. 4. Photomicrograph shows mass of lymphoid tissue with relatively rich vascular stroma and 
structures resembling Hassall's corpuscles. 


D. A. Wolfel, 


laboratory data were unrevealing. Roentgeno- 
graphic studies demonstrated scarring in the 
parenchyma of the superior segment of the 
right lower lobe. Minimal tubular bronchiecta- 
sis was demonstrated in the same segment bv 
bronchography and these changes were thought 
to be the result of the previous irradiation. No 
definitive therapy was prescribed and the pa- 
tient remained free of symptoms. 

Because of the striking similaritv of the 
roentgenographic findings 1n this case to that 
reported bv Katz and Dziadiw, the pathologic 
material was reviewed. It was felt that the pre- 
vious diagnosis of lymphosarcoma was incorrect 
and that the lesion actually represented benign 
mediastinal lymph node hyperplasia 


DISCUSSION 


Castleman e£ al., in 1954, pointed out the 
existence of massive mediastinal lymph 
node hyperplasia in discussing the patho- 
logic nature of an anterior mediastinal mass 
which had roentgenographic and patho- 
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logic characteristics similar to a thymic 
tumor. He and his associates? subsequently 

reviewed a large number of d thv- 
mic tumors and discovered 12 additional 
instances of enlarged mediastinal lymph 
nodes resembling thy mic tumors pathologi- 


callv. Cohen? has since added 2 other cases 


—0ne, a tumor occurring in the superior 


mediastinum, while the other was found in 
the substance of the deltoid muscle. Inada 
and his co-workers! have located $ such 
similar lesions, all occurring in the medias- 
anum. Lattes and Pachter’ have recently 
studied the pathologic aspects of 12 such 
lymphoid masses apparently not arising in 
Ivmph nodes. Four were located in the 
mediastinum, 5 of which were in the poste- 
rior mediastinum (including the case being 
presented); § were found in the soft tissues 
of the neck ud shoulder, 1 in the retroperi- 
toneal space and 2 within skeletal muscles. 


Jamplis and his grou P have reported an 





Fic. $. Cluster of epitheloid cells forming an aggregate suggestive of Hassall's corpuscle (X425). 
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local symptoms or more often as unex- 
pected, usually obvious, anterior medi- 
masses on routine chest roentgeno- 
grams. Although thymoma is the most 


common surgical tumor of the anterior 
mediastinum, definitive diagnosis depends 
on histologic study. One quarter of these 
tumors are locally invasive and many 
others are densely adherent to adjacent 
structures. Surgical resection of most tu- 
mors is possible, including some of the in- 
vasive ones. Radiation therapy in moderate 
dosage usually causes tumor shrinkage but 
se eldom completely destrovs these tumors. 
“Seminoma-like’” and “granulomatous” 

thymomas as well as the peculiar associa- 
tions of thvmomas with aregenerative ane- 
mia, acquired hypogammaglobulinemia, 
ane Cushing's disease are briefly con. 
sidered. 


kent Ellis, M.D. 
622 West 168th Street 
New York 32, New York 
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POSTERIOR MEDIASTINAL LYMPH 
NODE HYPERPLASIA* 


By DONALD A, WOLFEL, M.D., 


JOHN I. ANTONIUS and 


, M.D., 


R. ADAMS COWLEY, M.D. 
BALTIMORE, MARYLAND 


UMORS of the posterior mediastinum 


with erosion of adjacent ribs and verte- 


brae are almost exclusively neurogenic in 
nature, Katz and Dziadiw,? however, have 
recently reported for the first time the 
presence of massive benign lymph node 
hyperplasia in the posterior mediastinum 
simulating a neurogenic tumor. This report 
prompted us to review the pathologic na- 
ture of an unusual posterior mediastinal 
lymphoid tumor removed several years ago 
at this institution, thought to be a lympho- 
sarcoma. Re-evaluation of the histologic 
sections revealed it to be massive lymph 
node hyperplasia. 


REPORT OF A CASE 


This 16 year old white female was admitted 
to the University of Marvland Hospital in 
August, 1957, for treatment of a mass in the 
posterior mediastinum, detected 4 months pre- 
viously on a routine chest roentgenogram. There 
were no symptoms referrable to the mass. The 
physical examination and laboratory data were 
not remarkable. 

Roentgen examination of the chest revealed 
a 7X3X7 cm. mass, somewhat triangular in 
shape, situated in the right paravertebral 
gutter, eroding the posterior margins of the 
right sixth and seventh ribs as well as the lateral 
margin of the body of the sixth thoracic ver- 
tebra (Fig. 1 and 2). 
the right sixth intervertebral foramen (Fig. 3) 
was beleved to be present. The tumor, roent- 
genologicallv, was thought with certainty to be 
neurogenic in nature, most likely a neurilem- 
moma. 

Five days after admission, a right. thoracot- 
omy confirmed the presence of a well defined 
noninvasive mass in the posterior mediasti- 
num, which was easily shelled from its bed, 
along with its attachment to the sixth thoracic 
nerve. Pressure erosion of the right sixth and 


Definite enlargement of 


seventh ribs was noted, but the tumor did not 
extend into the sixth intervertebral foramen. A 
frozen section of the tumor as well as the per- 
manent Dp sections were felt to be 
characteristic of lymphosarcoma. The post- 
operative course was uneventful. 

Although the location and appearance of the 
tumor was thought to be most unusual for 
lymphosarcoma, the pathologie diagnosis was 
accepted. Following recovery from the surgical 
procedure, the patient was subjected to super- 
voltage (Co9') radiation therapy. A tumor dose 
of 4,000 r was given in the area of the posterior 
mediastinum through parallel opposing portals. 

The patient was followed carefully and was 
completely asymptomatic until August, 1960, 
at which time she experienced several episodes 
of hemoptysis in a 24 hour period. Although the 
bleeding did not recur, the patient was hospital- 
ed. Physical examination and extensive 





Fic. t. 


Chest roentgenogram reveals triangular 
shaped mass located in right paravertebral gutter, 
causing erosion and reactive sclerosis of the poste- 
rior aspects of the right sixth and seventh ribs. 
Erosion of the right lateral margin of the sixth 
thoracic vertebral body is present, but is not de- 
tectable on this reproduction. 


* From the Departments of Radiology, Pathology and Thoracic Surgery, University of Maryland School of Medicine, 
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Fic. 6. Margin o of mass showing anastomosing blood vessels surrounded by oisi suggesting an early 
stage in the formation of ' ‘pseudo-Hassall’s corpuscles.” The lymphocytes tend to line up along reticulin 
membranes, creating a concentric pattern not usually seen in malignant lymphoma (425). 


additional case, the mass in this case being 
located in the major interlobar fissure of the 
right lung. 

The etiology of this unusual entity has 
not been established, but the prevailing 
opinion is that the proliferative changes in 
the lymph nodes reflect the presence of a 
chronic nonspecific inflammatory process. 
A specific organism or other causative agent 
has not been isolated. It has been stated 
that the process is that of hyperplasia rather 
than neoplasia, since the tumors are not 
locally invasive, nor do they metastasize or 
recur. Lattes and Pachter’ are not in agree- 
ment with this etiologic explanation. 
Rather, they feel that the masses represent 
development or growth disturbances of 
lymphoid tissue with the lymphoid compo- 
nents organized in an abnormal fashion 


(hamartomas or choristomas). They em- 
phasize the fact that these masses have 
occurred in areas where lymph nodes are 
not found. 

The majority of the intrathoracic lesions 
occur close to the tracheobronchial tree at 
the lung root. Several have been reported in 
the anterior mediastinum and this report 
describes the fourth instance of such a 
tumor located in the posterior mediasti- 
num. The lesion usually presents as a large 
single mass, but can be multinodular. Mi- 
croscopically (Fig. 4, 5 and 6), the essential 
features are a marked proliferation of lym- 
phoid and vascular tissue, with formation 
of some lymphoid follicles containing capil- 
laries. Structures somewhat resembling 
epitheloid cell granulomas with Hassall’s 
like corpuscles or germinal centers are seen, 


Í2 


but keratin, as is found in Hassall's cor- 
puscles of thymic tissue, is not present. The 
lymphocytes have small, round nuclei and 
appear benign, and true pathologic criteria 
of malignant lymphoma are not present in 
these lesions. 

Clinically, the majority of patients re- 
ported are asy mptomatic, the lesion having 
been detected accidentally. ! No age or race 
predilection has been noted, but thev ap- 
pear to be more common in females. The 
mass grows slowly and may even remain 
static, documented cases having been fol- 
lowed many years without change. Castle- 
man and co-workers’ original patient was 
known to have a mediastinal mass for at 
least 9 years. There is no recorded instance 
of local recurrence or dissemination of the 
process following surgery. 

Roentgenographically, these tumors pre- 
sent as large well circumscribed homogene- 
ous mediastinal or hilar masses which have 
no specific characteristics. They are indis- 
tinguishable from more common and better 
known lesions of various portions of the 
mediastinum and have been incorrectly 
diagnosed as thymomas, lymphomas or 
adenomas. In the posterior mediastinum, 
hyperplastic lymph nodes may simulate 
neurogenic tumors both grossly and roent- 
genogr aphically even to the extent of caus- 
ing erosion of adjacent osseous structures. 
As Katz and Dziadiw® pointed out, other 
lesions such as tuberculous spinal abscess, 
metastatic malignancy, bronchogenic carci- 
noma, chest wall neoplasm, mediastinal 
endothelioma and lipoma, extrapleural 
cyst and intrathoracic meningocele may, on 
rare occasions, cause changes in the poste- 





rior mediastinum that mimic tumors of 


nervous tissue. Benign lymph node hyper- 
plasia must now be added to this group. 


24 D. A. Wolfel, J. I. Antonius and R. A. Cowley 
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SUMMARY 


An additional case of so-called benign 
massive mediastinal lymph. node hyper- 
plasia is reported. It is of interest to note 
that this is the fourth reported instance of 
this unusual entity in the posterior medias- 
tinum and, as in the previous cases, gross 
pathologic and roentgenologic changes were 
present, indistinguishable from those usu- 
ally associated with intrathoracic neuro- 
genic tumors. 


Donald A. Wolfel, M.D. 

Department of R: adinlony 

University of Maryland 
Hospital 


Baltimore 1, Maryland 
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:UMONIC consolidations frequently 
present unusual oval-shaped shadows on 
roentgenograms which may be mistaken 
for exophytic newgrowths of the lung. 
The oval shape is largely due to the multi- 
segmental distribution of these consolida- 
: caused bv the spread of the 





tions. This is 
process through interalveolar communica- 
tions and lymphatics. The segmental bron- 
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chi themselves are open and not involvec 


and the disease is confined to the sma 


ronchi and the alveol. These consolida- 
tions mav be peripheral or arise adjacent to 
the hili and are usually within one lobe since 
the interlobar septa are barriers to this 
tvpe of spread. | 
During the past vear we observed 


several cases that presented with such large 


Fic. 1. Case 1. (4 and B) January 20, 1962. 
Viewing the anteroposterior roentgenogram 
alone, the consolidation could be localized to 
the superior segment of the right lower lobe. 
The lateral roentgenogram shows that the 
consolidation is in the upper lobe, partially 
involving both the anterior and posterior 
segments. (C) February 27, 1962. The con- 
solidation has resolved. 
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round or oval shaped shadows on the initial 
chest roentgenograms. In many instances 
these shadows were thought to be pulmo- 
nary masses caused by malignant new- 
growths but subsequently proved to be 
simple pneumonic consolidations. 

The purpose of this paper is to call 
attention to multisegmental pneumonias 
and their pathogenesis, in general, and to 
emphasize the difficulties in ditferentiating 
them from pulmonary malignant neo- 
plasms. 


ILLUSTRATIVE CASES 


distress of 1 week’s duration. Her chest roent- 
genogram showed a round, well demarcated 
consolidation simulating a mass in the right 
upper lung field (lig. 1.7). Viewing the antero- 
posterior roentgenogram alone, the consolida- 
tion could be localized to the superior segment 
of the lower lobe. The lateral roentgenogram 
showed that the consolidation was in the upper 
lobe, partially involving both the anterior and 
posterior segments (Fig. 18). The consolidation 
resolved after 5 weeks of antibiotic therapy 
(Fig. 1C). 


Casein R.O., a ce year old white female, was 
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admitted to the hospital because of cough and 
chest pain of 2 weeks’ duration. The admission 
roentgenogram of the chest showed a round 
mass in the right mid-lung field and chronic 
tuberculosis, for which the patient has been 
previously treated (lig. 2.7). The "mass" was 
caused by incomplete consolidation of the 
medial segment of the right middle lobe. The 
consolidation resclved after 10 days of anti- 
biotic therapy (Fig. 2B). 


Case ut. A.Q., a 31 year old Negro male, was 
admitted to the hospital because of cough, fever 
and generalized weakness of 1 week’s duration, 
The initial chest roentgenogram showed a large 
oval-shaped mass in the right upper lung field 
which was caused by incomplete consolidation 
of mainly the posterior and also the anterior 
segment of the right upper lobe (Fig. 3, 4 and 
B). The consolidation cleared slowly. A chest 
roentgenogram taken several weeks later 
showed complete disappearance of the "mass" 
(Fig. 3C). 


Comment. The 3 cases in this group have 
several common features. All of them pre- 
sented with relatively acute clinical his- 
tories and the chest roentgenograms re- 
vealed complete resolution of the consolida- 
tions within 3 to 4 weeks after initiation 
of antibiotic therapy. 





lic. 2. 
solidation of the medial segment of the right middle lobe. The changes in the apices are due to chronic 
tuberculosis. (B) November 29, 1962. The consolidation has resolved. 


Case 11. (4) November 19, 1962. Round mass in the right mid-lung field caused by incomplete con- 
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Cases 1, 11 and mni showed the typical 
roentgenographic appearance of multiseg- 
mental, oval shaped pneumonias and the 
initial roentgenograms could and did sug- 
gest tumor masses. In these cases the 
chnical histories were of decisive help, even 
before we realized the mechanism and fre- 
quency of multi- or nonsegmental distribu- 
tion. However, the following cases will 
illustrate the fact that the clinical history 
may also be misleading. 


Case 1v. J.E., a 68 vear old white male (a 
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Fic. 3. Case 111. C4 and B) October 22, 1962. 
Large, oval-shaped mass in the right upper 
lung field caused by incomplete consolida- 
tion of mainly the posterior and also the 
anterior segment of the right upper lobe. (C) 
January 21, 1963. The consolidation has re- 


«! 


solved, 


chronic alcoholic), was admitted with dyspnea 
cough and fever of 1 week's duration. There was 
no history of anorexia, weight loss or chest pain. 
The chest roentgenogram showed a large, 
homogeneous oval shaped mass in the left 
lower lung field (Fig. 4). The patient was 
thought to have extensive pneumonia and died 
a few davs later, supposedl y due to overwhelm- 
ing pneumonitis. At autopsy a large broncho- 
genic carcinoma was found in the left lower 
obe, corresponding in size and location to the 
mass seen on the chest roentgenogram. 


Case v. P.L., a 38 vear old Negro male, was 





Fic. 4. Case iv. Large, oval-shaped mass in the lett 
lower lung field. At autopsy a large bronchogenic 
carcinoma was found, corresponding in size and 
location to the mass seen on this roentgenogram. 


admitted because of chest pain of several weeks’ 
duration which worsened and the patient also 
became febrile 1 week prior to admission. His 
chest roentgenogram showed a round mass in 
the lower left lung field (Fig. 5.7). One year be- 
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fore the present admission the patient under- 
went thoracotomy in another hospital, prob- 
ably for a benign disease. The diagnostic work- 
up and antibiotic therapy were started simul. 
taneously. Bronchoscopy, scalene lymph node 
biopsy and cytologic studies of the sputum 
were negative. After 5 weeks of antibiotic 
therapy, the "mass" finally resolved (Fig. 55). 
This was a pneumonic consolidation, partially 
involving the posterior and lateral basal seg- 
ments of the left lower lobe. 


Case vi. P.T., a £8 year old white male, was 
admitted because of chest pain, anorexia and 
weight loss of 3 months' duration. The phys- 
ical examination at the time of admission was 
negative, though the patient had low-grade 
fever. The chest roentgenogram showed an oval 
shaped, lobulated mass in the right mid-lung 
field and an area of hazv infiltration and/or 
fibrosis in the right apex (Fig. 6.7). The patient 
was started on antibiotics and his diagnostic 
work-up commenced with cytologic studies of 
the sputum. These were all negative. However, 
the “mass” responded well to the antibiotics 
and resolved completely after 6 weeks of 
therapy (Fig. 68). The "mass" was caused by 
partial consolidation of the superior segment of 
the lower lobe and likewise partial consolida- 
tion of the lateral segment of the middle lobe. 
The two incompletely consolidated segments 
created the image of the lobulated, oval-shaped 





Fig. 6. Case v. (4) April 1, 1961. A round, sharply demarcated consolidation, partially involving the posterior 
and lateral basal segments of the left lower lobe, is demonstrated. (B) May 4, 1961. The consolidation has 
resolved. 
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Vic. 6. Case vi. (4) December 26, 1961. Oval shaped, lobulated consolidation in the right mid-lung field, 
caused by incomplete involvement of the superior segment of the lower lobe and incomplete involvement of 
the lateral segment of the middle lobe. The changes in the right apex were due to chronic tuberculosis. (B) 


February 8, 1962. The consolidation has resolved. 


mass. The hazy density in the right apex did 
not change and was probably due to fibrosis, 
caused by chronic tuberculosis. 


Case vu. F. F., a £8 year old white male, 
was admitted disoriented and intoxicated. His 
chest roentgenogram showed a homogeneous, 





oval-shaped consolidation in the right upper 
lobe, which left the medial peripheral portion of 
the lobe uninvolved (Fig. 7.7). At admission the 
clinical diagnosis was pneumonia. The patient 
did not improve on antibiotic therapy and the 
chest roentgenogram showed no change after 2 
weeks. Bronchoscopy was performed but failed 


B 





Fic. 7. Case vir. C4) December 5, 1961. Dense and homogeneous oval consolidation in the right upper lobe. 
The medial peripheral portion of the lobe is uninvolved. (B) January 22, 1962. The consolidation has re- 


solved. 
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to show any intrabronchial obstructing lesions. 
Repeated cytologic studies were negative. The 
consolidation finally resolved after 6 weeks of 
vigorous achromycin therapy (Fig. 75). 

Case virt, C, S, a 3o year old Negro male, 
was admitted complaining of chest pain. and 
weight loss of several weeks' duration. and 
hemoptysis for 1 week. His chest roentgeno- 
gram showed an oval-shaped mass in the right 
lower lung field which had sharp borders 
(Vig. 8.4). The roentgenographic appearance 
suggested a tumor mass and the "mass" re- 
mained completely unchanged for several weeks 
despite vigorous antibiotic therapy. Cytologic 
studies of the sputum were negative. This was 
also a บ ก อ น เท อ ท 16 consolidation, localized 
mainly to the posterior basal segment of the 
right lower lobe with probably incipient exten- 
sion into the lateral and medial basal segments. 
Figure SB shows complete resolution after 10 
weeks of antibiotic therapy. 


Comment. The patients in this group pre- 
sented with clinical histories, which did not 
suggest acute disease or were not specific. 
In Cases v and vi the consolidations on the 
admission chest roentgenograms simulated 
tumors very closely. We assume that in 
Case vu the consolidation must have spread 
centrifugally from one central focus and 
simply did not yet reach the“‘medial periph- 
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ery” of the lobe at the time of the initial 
chest roentgenogram (see Discussion). Case 
viti was of particular interest because this 
wis à young man and the pneumonic con- 
solidation barely spread beyond one seg- 
ment. But the oval shape and the sharp 
borders could not easily be explained by the 
traditional concepts of pneumonitis. 


DISCUSSION 


The incidence of bronchogenic carcinoma 
increased in the past two decades. Parallel 
with this increase, bronchogenic carcinomas 
are now diagnosed earlier roentgenologi- 
cally, partly because the indirect signs of 
intrabronchial neoplasms have been 
learned >55 and partly because pulmonary 
masses are suspected of being malignant 
earlier than before.?^? However, pulmonary 
masses are not always carcinomas. As we 
illustrated, certain pneumonie consolida- 
tions may imitate bronchogenic carcino- 
mas. This can be explained with the help 
of a new concept of the pathogenesis of 
pneumonic consolidations: In the begin- 
ning the infection is confined to one bron- 
chopulmonary segment because the in- 
fected fluid sinks into the most dependent 
bronchus. This infected fluid provokes an 
inflammatory exudate and eventual con- 





Fic. 8. Case vir. (4) January 9, 1962. Sharply demarcated oval consolidation, localized mainly to the poste- 
rior basal segment, with incipient extension into the medial and lateral segments. (B) March 21, 1962. The 
consolidation has resolved. 
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solidation. Previously it was thought that 
the consolidation had to involve the entire 
segment and practicallv fill the segmental 
bronchus before some exudate would spill 
over into another segmental bronchus and 
the consolidation of the next segment com- 
menced. Fraser and Wortzman? showed 
that this is not alwavs the case. The inflam- 
matorv exudate crosses from one alveolus 
to the next through the pores of Kohn, 
which are special interalveolar communi- 
cations. The inflammatory exudate crosses 
from one segment to another with ease 
since there are no barriers between the seg- 
ments similar to those between the lobes. 
Thus, the inflammation spreads in a 
centrifugal fashion and its advancing front 
is sharply demarcated from the unaffected 
lung parenchyma. Klebsiella , pneumococcal 
and primary tuberculous pneumonias tend 
to spread in this fashion more often than 
staphylococcal and streptococcal pneumo- 
nias. 

We believe, that this above described 
mechanism is primarily responsible for the 
oval shape and multisegmental distribution 
of the pneumonias in the cases we pre- 
sented. Undoubtedly, the virulence of the 
infecting organisms, the resistance of the 
host and the antibiotics do affect the extent 
and distribution of pneumonic consolida- 
tions and also contribute to the appearance 
of the unusual forms of the disease.^ 


SUMMARY 


We have presented 7 cases of pneumonia, 
some of which were initially diagnosed as 
neoplasms. Certain pneumonic consolida- 
tions may originate from one focus anc 
spread centrifugallv from alveolus to alveo- 
lus, crossing into adjacent segments before 
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completelv involving the original segment 
itself. This mechanism is primarily re- 
sponsible for the round or oval shape, sharp 
demarcation and multisegmental distribu- 
tion of these consolidations. While the 
clinical history is often—though not al- 
wavs-—helpful, in many cases these con- 
solidations are indistinguishable from pul- 
monary neoplasms on the basis of the 
initial chest roentgenogram. 


Henrv Greenfield, M.D. 
451 Clarkson Avenue 


Brooklvn 3, New York 
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THE NATURE AND TREATMENT OF 
DESMOID TUMORS* 


By DAVID BENNINGHOFF, M.D.,f and ROBERT ROBBINS, M.D. 


BROOKLYN, NEW YORK AND PHILADELPHIA, PENNSYLVANIA 


A DESMOID is a nonencapsulated, 
locally invasive tumor which occurs in 
muscle or fascia and which does not metas- 
tasize. Stout? has classified the desmoid 
tumor with the fibromatoses, a group of 
benign tumors formed by proliferation of 
fibroblastic tissue (Table 1). The desmoid is 
an uncommon tumor. In the largest re- 
ported series of fibrous tissue neoplasms, 
only 19 cases were seen over a 45 year 
period. ^ In another survey covering a 
period of 23 years, only 19 desmoid tumors 
were found among 40,000 neoplasms of all 
types.” 


CLINICAL CHARACTERISTICS OF 
THE DESMOID TUMOR 


The desmoid tumor is found in both sexes 
and may occur at any age. It is most fre- 
quent in pregnant or postpartum women 
involving usually the rectus abdominis 
muscle. However, it has been found in 
skeletal muscle at anv site. 

A specific history of trauma at the precise 
point of growth is often elicited. The associ- 
ation with pregnancy may also be regarded 
as traumatic. The usual history is that of a 
painless, slowly enlarging mass or swelling 
of soft tissue. It is characteristically deep- 
seated and its borders are difficult to define. 
It rarely exceeds 12 cm. in diameter.” 


PATHOLOGIC FEATURES 


The gross tumor is white and has no 
capsule (Fig. 1). Invasion of muscle was 
found in all of the 34 cases reviewed by 
Musgrove and McDonald? The tumor 
becomes attached to bone and compresses 
vessels but only muscle is invaded. The 


vascular elements of the desmoid tumor are 
scant. Central mucoid changes are found.!? 
The following features, as outlined by 
Gonatas,! help to distinguish desmoid tu- 
mors from fibromas: (1) deep location and 
relationship with the musculo-aponeurotic 
svstem; (2) diffuse growth and nonencapsu- 
lation; and (3) engulfment of muscle fibers. 


Microscopically, the tumor is composed 
of well differentiated fibroblasts within a 
fibrous stroma. Mitoses are infrequent. 
Muscle invasion can be seen at the margin 
of the tumor. The fibrous tissue compo- 
nent of the desmoid tumor extends between 
and around muscle fibers, creating islets of 
muscle tissue, separated and isolated by 
tumor (Fig. 2). These isolated muscle fibers 
are presumed to be finally completely re- 
placed by the tumor. Muscle giant cells 
may occur in the affected muscle. Clumps 
of lymphocytes are sometimes seen around 
muscle fibers adjacent to the infiltrative 
margins of the tumor. Hemosiderin is not 
seen in desmoid tumors. 


THEORIES OF THE PATHOGENESIS 
OF DESMOID TUMORS 


1. Hormonal Origin. Booher and Pack 
have suggested that desmoid tumors are 
related to hormonal factors. They cite as 
evidence for this the frequent association of 
these tumors with pregnancy and one in- 
stance in which tumor regression occurred 
after irradiation of the ovaries. However, 
this tumor also occurs in nonpregnant 
females and in males. Ober and co-workers" 
assaved a resected desmoid tumor but 
found no increase of estrogens or gonado- 
tropins. The patient of Booher and Pack in 
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solidation. Previously it was thought that 
the consolidation had to involve the entire 
segment and practically fill the segmental 
bronchus before some exudate would spill 
over into another segmental bronchus and 
the consolidation of the next segment com- 
menced. Fraser and Wortzman! showed 
that this is not alwavs the case. The inflam- 
matorv exudate crosses from one alveolus 
to the next through the pores of Kohn, 
which are special interalveolar communi- 
cations. The inflammatory exudate crosses 
from one segment to another with ease 
since there are no barriers between the seg- 
ments similar to those between the lobes. 
Thus, the inflammation spreads in a 
centrifugal fashion and its advancing front 
is sharply demarcated from the unaffected 
lung parenchyma. Klebsiella, pneumococcal 
and primary tuberculous pneumonias tend 
to spread in this fashion more often than 
staphylococcal and streptococcal pneumo- 
nias. 

We believe, that this above described 
1 0 Is primarily responsible for the 

ral shape and multisegmental distribution 
of the pneumonias in the cases we pre- 
sented. Undoubtedly, the virulence of the 
infecting organisms, ihe resistance of the 
host and the antibiotics do affect the extent 
and distribution of pneumonic consolida- 
tions and also contribute to the appearance 
of the unusual forms of the disease.’ 


SUMMARY 


We have presented 7 cases of pneumonia, 
some of which were ย diagnosed as 
neoplasms. Certain pneumonic consolida- 
tions mav originate from one focus and 
spread centrifugallv from alveolus to alveo- 
lus, crossing into adjacent segments before 
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completely involving the original segment 
itself. This mechanism is primarily re- 
sponsible for the round or oval shape, sharp 
demarcation and multisegmental distribu- 
tion of these consolidations. While the 
clinical history is often—though not al. 
ways-—helpful, in many cases these con- 
solidations are indistinguishable from pul. 
monary neoplasms on the basis of the 
initial chest roentgenogram. 


Henry Greenfield, M.D. 
451 Clarkson Avenue 
Brooklyn 3, New York 
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DESMOID TUMORS* 


By DAVID BENNINGHOFF, M.D.,f and ROBERT ROBBINS, M.D.} 


BROOKLYN, NEW YORK AND PHILADELPHIA, PENNSYLVANTA 


DESMOID is a nonencapsulated, 

locally invasive tumor which occurs in 
muscle or fascia and which does not metas- 
tasize. Stout’ has classified the desmoid 
tumor with the fibromatoses, a group of 
benign tumors formed by proliferation of 
fibroblastic tissue (Table 1). The desmoid is 
an uncommon tumor. In the largest re- 
ported series of fibrous tissue neoplasms, 
only 19 cases were seen over a 45 year 
period.’ In another survey covering a 
period of 23 vears, only 19 desmoid tumors 
were found among 40,000 neoplasms of all 
types." 


CLINICAL CHARACTERISTICS OF 
THE DESMOID TUMOR 


The desmoid tumor ts found in both sexes 
and may occur at any age. It is most fre- 


muscle. However, it has been found in 
skeletal muscle at any site. 

A specific history of trauma at the precise 
point of growth is often elicited. The associ- 
ation with pregnancy may also be regarded 
as traumatic. The usual history is that of a 
painless, slowly enlarging mass or swelling 
of soft tissue. It is characteristically deep- 
seated and its borders are difficult to define. 
It rarely exceeds 12 cm. in diameter. 


PATHOLOGIC FEATURES 


The gross tumor is white and has no 
capsule (Fig. 1). Invasion of muscle was 
found in all of the 34 cases reviewed bv 
Musgrove and McDonald. The tumor 
becomes attached to bone and compresses 
vessels but onlv muscle is invaded. The 


vascular elements of the desmoid tumor are 
scant. Central mucoid changes are found.!? 
The following features, as outlined by 
Gonatas,! help to distinguish desmoid tu- 
mors from fibromas: (1) deep location and 
relationship with the musculo-aponeurotic 
system; (2) diffuse growth and nonencapsu- 
lation; and (3) engulfment of muscle fibers. 

Microscopically, the tumor is composed 
of well differentiated fibroblasts within a 
fibrous stroma. Mitoses are infrequent. 
Muscle invasion can be seen at the margin 
of the tumor.*!? The fibrous tissue compo- 
nent of the desmoid tumor extends between 
and around muscle fibers, creating islets of 
muscle tissue, separated and isolated bv 
tumor (Fig. 2). These isolated muscle fibers 
are presumed to be finally completely re- 
placed by the tumor. Muscle giant cells 
may occur in the affected muscle. Clumps 
of lymphocytes are sometimes seen around 
muscle fibers adjacent to the infiltrative 
margins of the tumor. Hemosiderin is not 
seen in desmoid tumors. 


THEORIES OF THE PATHOGENESIS 
OF DESMOID TUMORS 


1. Hormonal Origin. Booher and Pack! 
have suggested that desmoid tumors are 
related to hormonal factors. They cite as 
evidence for this the frequent association of 
these tumors with pregnancy and one 1 ท - 
stance in which tumor regression occurred 
after irradiation of the ovaries. However, 
this tumor also occurs in nonpregnant 
females and in males. Ober and co-workers" 
assaved a resected desmoid tumor but 
found no increase of estrogens or gonado- 
tropins. The patient of Booher and Pack in 
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whom tumor regression followed ovarian 
irradiation had received radiation therapy 
to a tumor in the abdominal wall and the 
ovaries had thus been irradiated inciden- 
tallv. Hence, regression of the tumor could 
have been due to direct effect of the radia- 
tion upon the tumor. 

2. Origin in a Hematoma. A history of 
trauma is obtained in approximately one- 
half of the patients in whom desmoid tu- 
mors are not associated with pregnancy. 
It has been postulated that a traumatic 
hematoma may form a nidus for the de- 
velopment of a desmoid. However, micro- 
scopic study of desmoid tumors has re- 


3. Origin in an Abnormal Reaction to 
Injury. It a hematoma is excluded, is there 
any other clue to pathogenesis based on 
reaction to injury? It has been noted that 
muscle tissue is invariably involved by 
desmoid tumors. It is possible that con- 
tused muscle cells rupture, releasing sarco- 
plasm into the extracellular space. Could 
the desmoid tumor be the result of an al- 
tered or improper response to this injury? 
The desmoid tumor might represent a 


non-selt-limiting fibroblastic reaction to 
injured muscle. It has been postulated that 


Hashimoto’s thyroiditis is an auto-immune 
disease resulting from auto-antibodv to 
thyroglobulin released into the tissues by 
rupture of thyroid follicles. A desmoid 


TABLE 1 


FIBROMATOSES 





Fibroma 1,144 
Keloids 390 
Desmoids 19 
Peyronie's disease ๐ 
Palmar and plantar fibromatosis 2 
Fibromatosis colli $ 
Progressive myositis fibrosa 3 

1,596 
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hic. 1. Cross section of gross specimen of a desmoid 
tumor. There is no capsule between the tumor and 
the surrounding muscle. 


the tumor could be involved in the auto- 
immune process. 

Objections can be made to the theory of 
auto-immune pathogenesis. Why should a 
bulky tumor be produced? Why should 
normal muscle be invaded and why should 
an auto-immune process not involve mus- 
cles at other sites? Positive data needed to 
sustain this theory of etiology would in. 
clude: (1) demonstration of circulating 
antibody to the patient’s muscle tissue; (2) 
demonstration of gamma globulin at the 
tumor site. (The fluorescent antibody tech- 
nique of Coons? has been applied by Kap- 
lan? to myocardial specimens of rheumatic 
heart disease patients to demonstrate the 
presence of gamma globulins.) 

One is finally led to the speculation that 
the effects of local irradiation to the region 
of a desmoid tumor might be due to an 
alteration of the immune process rather 
than to the usual process of cell damage. 


There are few recorded observations of 
the clinical course of the untreated des- 
moid tumor. At least 1 case of spontaneous 
regression has been documented." In a 


134 


review of juvenile fibromatoses, Stout" 
noted a wide variabilitv in the clinical 
behavior of these tumors and also their 
relative benignancy. This tv pe of tumor, in 
particular, shows regression without treat- 
ment in many instances. Stout! teels that 
most desmoid tumors will not recur, even if 
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incompletely excised. On the other hand, it 
is apparent that in some cases the tumor is 
aggressive and persistent. Thus, active 
treatment is required as a general rule. 
Surgical excision has been the most tre- 
quently emploved method of treatment. A 
number of authors have indicated the re- 


Fic. 2. Microscopic section of a desmoid tumor, again demonstrating the absence 
of a capsule between the tumor and muscle (H & E. x65). 
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currence rates following excision. Of 26 
cases of desmoid tumors followed for 1 vear 
or more after resection, recurrence was 
noted in 20.* Of 29 cases of extra-abdominal 
muscle desmoid tumors followed for periods 
of 2 or more years after treatment, approxi- 
mately 33 per cent were persistent.® Pack 
and Ehrlich"? reported s recurrences in 18 
patients, Mason* recorded 4 recurrences in 
9 cases of extra-abdominal muscle desmoid 
tumors. 

Because of the high recurrence rate, 
radical surgical measures are occasionally 
employed. Hunt ef a/.* utilized the following 
procedures as primary therapy for several 
of a group of 22 patients with extra-abdom- 
inal muscle desmoids: (1) scapulo-thoracic 
disarticulation in a 24 vear old male with a 
desmoid tumor of the teres major and 
minor; (2) radical mastectomv in a 36 vear 
old female for a 2X3 cm. desmoid tumor of 
the pectoralis; and (3) above knee am puta- 
tion in a 23 year old female for a 5 Xx 
cm. desmoid tumor of the popliteal space. 

There are varving opinions concerning 
the value of irradiation in the treatment of 
desmoid tumors. Ewing? observed that 
desmoid tumors responded slowly but 
surely to radiation therapy and recom- 
mended it for lesions that could not be 
excised easily, 

Musgrove and McDonald!" were not 
convinced of the value of irradiation in the 


apy had no recurrence. 

Pack and Ehrlich® were favora bly im- 
pressed by the effects of irradiation in their 
series of 17 patients. Three inoperable cases 
of desmoid tumors received radiation ther- 
apy and all remained free of recurrence for 
at least § vears. Of 4 patients receiving 
radiation therapy for postoperative recur- 
rence of the tumor, a satisfactory response 
was obtained in 3, the fourth patient had 
re-excision and also remained well. 

Gonatas! described § patients, 1 of whom 
developed a desmoid tumor in the chest 
wall at the site of a thoracoplasty incision. 
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This tumor grew slowly over a period of 4 
years and measured 25X22 cm. prior to 
treatment. With irradiation, the tumor 
regressed slowly measuring 4X6 cm. after 2 
years and remained the same size for an 
additional period of 12 years up to the time 
of the report. Gonatas concluded that radi- 
ation therapy should be employed in the 
larger tumors and in those where surgical 
resection was incomplete. Gunsett and 
Oberling® reported a case of recovery after 
radium therapy of a desmoid tumor involv- 
ing the soft tissues of the shoulder. 

Since desmoids are "benign" lesions, 
conservative rather than radical methods of 


are not completely extirpated by surgery, 
for recurrence, and for inoperable cases. 

Plantar fibromatosis is a much less seri- 
ous clinical problem. In general, smaller 
doses of irradiation are required for this 
lesion than are needed with desmoid tu- 
mors. As indicated above, plantar fibroma- 
tosis tends to regress without anv treat- 
ment. 

Medical treatment is confined to the use 
of prednisone in high doses over a prolonged 
period. Panos and Poth" report successful 
treatment with prednisone of a second 
recurrence of a desmoid tumor in a 22 
month old female. Their patient was origi- 
nally operated upon for a desmoid tumor of 
the lower right rectus muscle. A 4X6 cm. 
recurrent mass was noted in the healed 
surgical incision 5 months later. Wide re- 
excision was performed, but residual tumor 
was left attached to the symphysis pubis. 
Three months later a firm nodule 1. 5X 1.0 
cm. was still present in the scar area. Pred- 
nisone therapy was instituted and the 
authors describe the response as “ , , , spec- 
tacular. Within three weeks the nodule had 
disappeared and the lower abdominal 
wall... softened perceptibly... becom- 
ing more pliable until... there was no 
thickening or induration.” No evidence of 
tumor was found when the child was exam- 
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ined more than § years following institution 
of prednisone therapy." 

Thus prednisone therapy should be con- 
sidered in instances where surgical excision 
followed by irradiation has not eradicated 
the tumor. However, if the hazards of corti- 
sone therapy are weighed against the par- 
ticular problems which a given desmoid 
tumor presents when management by other 
means has failed, the risks would appear to 
be negligible. Mosbech® has quantitated the 
risk of fatal complications due to treatment 
with cortisone. He reviewed the Danish 
vital statistics for the § year period, 1955— 
1959 and found that 38 patients died of 
direct complications of cortisone therapy 
during that period. This represented an 
annual mortality, attributable to this drug, 
of between 1 and 2 deaths per million for 
the entire population of that country. 


TREATMENT OF CASES PRESENTED 
IN THIS REPORT 


This report includes 4 patients with 
desmoid tumors and 2 with plantar fibro- 
matosis. Surgical excision combined with 
postoperative irradiation was used in the 4 
patients with desmoid tumors; one of these 
was given prednisone as adjuvant therapy. 
Three of the 4 patients are free of disease a 
minimum of 5 years after treatment; the 
fourth patient (Case 1) has been free of re- 
currence for 2 years. The 2 patients with 
plantar fibromatosis were treated with sur- 
gical excision followed by irradiation, the 
latter given in smaller doses than for_the 
desmoid tumor. 


REPORT OF CASES 


Case 1. E.W., a 21 year old nurse, struck her 
left inguinal area on a stretcher in June, 1960. 
Eight months later a 10X 12 cm. mass with ill- 
defined borders was noted in the abdominal wall 
in the area of the injury. The mass appeared to 
be attached to the inner surface of the sym- 
physis pubis and involved the inguinal lrga- 
ment laterally. The left lower extremity was 
edematous. 

Biopsy of the mass revealed a desmoid tumor. 
An operation was performed in February, 1961 
by Dr. Irving Enquist at the Kings County 
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Hospital Center. Most of the tumor was re- 
moved but in order to preserve normal struc- 
tures approximately 15 per cent of the total 
tumor mass was left in situ. 

Three weeks after operation external irradi- 
ation was given to the area of resection: 3,000 r 
tumor dose in 3 weeks via a 10X10 cm. field. 
The patient did well for a period of 3 months 
when leg edema became noticeably increased 
and a hard 6X8 cm. mass was palpated just 
medial to the anterior superior iliac spine. This 
was regarded as a recurrence, lateral to the 
irradiated volume. Following 2 weeks of therapy 
with prednisone, given in daily doses of 80 mg., 
the mass was no longer palpable and the leg 
edema had diminished. Prednisone in decreas- 
ing dosage was continued until December, 
1961. 

There is no evidence of tumor in this patient 
2 years after therapy of the recurrent tumor 
with prednisone. 


Case 11. M.C., 37 years old, was seen at 
Temple Hospital in 1955 with a desmoid tumor 
of the neck and mediastinum. She was explored 
by Dr. W. Emory Burnett, who removed the 
bulk of a desmoid tumor which infiltrated the 
neck muscles, and also extended posteriorly to 
attach to the lateral masses of the cervical 
vertebrae and inferiorly to involve the medi- 
astinum, 

Eight months later the patient was read- 
mitted to the hospital because of dyspnea 
secondary to tracheal compression by the 
desmoid tumor in the mediastinum. Radiation 
therapy to the mediastinum was instituted and 
a tumor dose of 3,000 r in 4 weeks was de- 
livered. The tumor regressed very slowly, and 
when seen in March of 1960 the patient was 
essentially normal. 


Case ur. W.N., a 9 year old boy, was seen 
originally in 1953 for a mass in the right pop- 
liteal space (size not stated). The mass was 
excised and proved to be a desmoid tumor on 
pathologic examination. It recurred within 8 
months and a second resection was done, at 
which time the tumor was found to be adherent 
to the popliteal artery; in order to avoid resec- 
tion of the artery, tumor tissue was left behind. 
Postoperative radiation therapy was given, 
2,000 r in 3 weeks. The boy is without recur- 
rence 7 years later. 


CasE Iv. S.C., a 36 year old male, was seen in 


‘1956, 3 months after an injury to the right arm. 
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A hard mass, 6 cm. in diameter, was palpated 
in the mid-portion of the biceps muscle. The 
mass was resected and found to be a desmoid 
tumor. In March 1957, 5 months after the 
initial resection, local recurrence was noted and 
à second resection was done. This was followed 
by radiation therapy, 4,000 r in 4 weeks. This 
patient was well, without recurrence § years 
after initial treatment. 


Case v. B.S., a 12 year old boy, was seen in 
March, 1957, for a 2 cm. firm, painless, sub- 
cutaneous mass on the medial aspect of the 
plantar surface of the left foot. This was ex- 
cised. À recurrence, I cm. in diameter, was ex- 
cised in August, 1957. In September, 1957 
several additional 1 cm. nodules were found in 

the plantar fascia. These were also won and 
proved to be plantar fibromatosis. A dose of 
1,500 r in IO days was given to the plantar 
surface of the foot. No recurrence was found in 
1961, 4 years after surgery and irradiation. 





Case vi. A.S, a $9 year old female, had 
noted hard, tender lumps on the soles of both 
feet for many years. In 1953 these were excised; 
they recurred and were re-excised in 1967. 
Histologic examinations showed plantar fi- 
bromatosis. Postoperatively, 600 r was given to 
the soles of both feet in 2 weeks. In July, 1958 
an additional 1,300 r was given to a recurrence 
on the right sole. The anterior and posterior 
plantar surfaces of the left foot were treated 
separatelv with 600 r for palpable recurrence in 
1959, and 1961. 
recurrence for 3 vears. 


SUMMARY 


The desmoid tumor and its natural his- 
tory are described. Four patients with 
desmoid tumors and 2 with plantar fibro- 
matosis treated by a combination of sur- 
gery and irradiation, and prednisone addi- 
tionally in 1 case, are reported. 

since the desmoid tumor is benign, con- 
servative management is suggested. 

The pathogenesis of the tumor is dis- 
cussed, particularly the possibility that it 
represents an altered response to injury. 
David Benninghoff, M.D. 

Kings County Hospital Center 


451 Clarkson Avenue 
Brooklyn 3, New York 
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CALCIFICATIONS IN INTRA-ABDOMINAL AND 
RETROPERITONEAI, METASTASES* 
REVIEW OF THE ROENTGENOGRAPHIC FEATURES 
By HERBERT L. FRED, M.D.,t JOHN M. EIBAND, M.D., t ad LOIS C. COLLINS, M.D.$ 


HOUSTON, 


HE roentgenographic demonstration of 


calcification in certain primary intra- 
abdominal^/939.39.39.30,42,37,64,77 and retro. 
peritoneal? 5.15.2552.4,31-393. malignant tu- 
mors is well documented. That calcification 
in metastatic tumors has been seen on 
abdominal roentgenograms is less widely 
known. The purpose of this communication 
is to review the reported roentgenographic 
features of calcified intra-abdominal and 
retroperitoneal metastases and to present 
an illustrative case. 

Certain. explanations should be made 
regarding the selection of cases for this 
study. Lymphomas were excluded in the 
belief that the lesions are not truly meta- 
static.* Neuroblastomas were omitted be- 
cause the roentgenologic detection of cal- 
cium in this tumor and its satellite lesions 
has been well documented previouslv.??5 A 
unique case of pseudomvxoma peritonel 


with numerous calcifed intra-abdominal 
cysts" was included because this type of 


tumor, although histologically 
clinically malignant. 

No attempt was made to correlate the 
appearance of calcification in metastases 
with the use of chemotherapy or radiation 
therapy, because information on this point 
often was lacking or unclear in the material 
surveyed. For the same reason the presence 
or absence of histologically detectable 

calcifications in the primary lesions was not 
tabulated in everv case. Finallv, the term 
"metastasis" as used in this report is In- 


benign, 1s 


*Roentgenoyraphically demonstrable calcification in fym- 
phomatous tumors is rare, having been reported but once as a 
spontaneous phenomenon! and only a few times following specific 
therapy ^" 


Kai 


TEXAS 


tended to mean extension, local recurrence 
or distant spread of the primary tumor. 


REPORT OF CASE 


A 49 year old white man was first seen in 
October, 1955, because of painless, gross hema- 
turia. The past medical history was noncon- 
tributory. Physical examination revealed a 
healthy appearing man in whom no abnormal 
physical findings were detected. The urinalysis 
showed microscopic hematuria, Cystoscopy 
furnished no evidence of neoplasm. Abdominal 
roentgenograms disclosed no abnormality. In- 
travenous urograms and retrograde pyelograms 
demonstrated distortion of the right calyceal 
system. The clinical diagnosis was tumor of the 
right kidney. A right nephrectomy was per- 
formed on October 22, 1958, at which time a 
mass $.0 cm. in diameter was found in the lower 
pole of the involved kidney. No regional metas- 
tases were seen. Histologically, the specimen 
showed renal cell carcinoma with tumor throm- 
bus in the renal vein. 

The patient remained well until 28 months 
after nephrectomy when he noted pain in the 
left groin and lumps in the left supraclavicular 
space and in the area of the right pectoralis 
major muscle. The right pectoral mass was ex- 
cised and found to be an undifferentiated 
carcinoma compatible with origin from the kid- 
ney. 

On July 10, 1961, he entered the University 
of Texas M. D. Anderson Hospital and Tumor 
Institute. Physical examination on admission 
revealed hard masses in the left submandibular, 
left supraclavicular and right pectoral muscle 
areas. Abdominal roentgenograms on July 14, 
1961, demonstrated a calcified mass in the left 
iliac fossa and osteoblastic reaction in the 
lateral aspect of the lett iliac bone (lig. 1,7). 
Subsequent roentgenograms on September 17, 
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Fic. 1. (4) Calcification in metastasis from car- 
cinoma of the left kidney.->point to calcification 
in soft tissue metastasis in left iliac fossa. -- point 
to osteoblastic metastasis in ilium, (5) Barium 


enema study showing medial displacement. of 


z 


descending colon by the calcified metastasis, 


1961, demonstrated enlargement of the calcified 
area and no involvement of the urinary tract. 
The descending colon showed no evidence of in- 
trinsic disease but was displaced antero- 
medially by the mass (Fig. 18). Many roent- 
genograms of the chest were normal. Three days 
after admission, specific antitumor therapy was 
begun for the first time. This consisted of vari- 
ous chemotherapeutic agents (alpha-sarcin, 
carzolamide, phenylalanine mustard and vin- 
blastine sulfate) followed 2 months later by 
irradiation to the left iliac fossa. The patient’s 
hospital course was characterized by progres- 
sive cachexia, lett groin pain, enlargement of 
superficial metastases and the development of 
anemia and ascites. He died on October ro, 
1961. 

At autopsy, metastases were widespread 
throughout the body. The histologic appear- 
ance of these merastases was similar to that of 
the original renal carcinoma. Of particular in- 
terest was the mass which had been seen roent- 
genographically in the left iliac area (Fig. 
t, 4 and B). It measured 20X 12X 10 cm. and 
weighed 2,000 gm. It extended from the level 
of the fifth lumbar vertebra to the obturator 
fossa medially and to Poupart's ligament lat- 
erally. Histologically, this metastasis showed 
considerable fibroblastic reaction and necrosis. 
In the areas of necrosis, there was calcification 
with minimal bone spicule formation. 


COMMENT 


A review of the English language medical 
literature and many pertinent foreign re- 
ports revealed 56 cases in which roentgen 
examination demonstrated calcifications in 
intra-abdominal or retroperitoneal metas- 
tases (Table 1). Except for one patient with 
carcinoma of the colon™ and some of the 
patients with ovarian cancer, the calcifica- 
tions in the cases analyzed for this study 
were seen in metastases but not in the 
primary tumor. 


Calcification in Metastases 





Calcification in abdominal metastases 
has been reported most frequently in papil- 
lary cystadenocarcinoma of the ovary 
(Table 11). The characteristic type of calci- 
fication in this tumor is the psammoma 
body. Psammoma bodies, sometimes called 
calcospherites and microliths, are non- 
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TABLE I 


CALCIFICATIONS IN INTRA-ABDOMINAL AND RETROPERITONEAL METASTASES 










Sweor Rer. อ อ ร า ก 25 LM Roentgenographic Features of | Rensarks 
Metastasis ! No Calcifications | 
| 
Liver 














| 
| 
| 
|| 
| 1 | Sigmoid Granular | Metastases showed mucus-secreting 
| adenocarcinoma 
ewe — — —————— "— — eO พ ล ก ม ต TN TUR ee NE 
' 5 igmoid Feathery, faint Gross hepatic metastases seen at 
| celiotomy. No biopsy taken. Primary 
| | | | tumor with regional metastases re- 
| | | moved 2$ years previously 
[stem [05 31 ง 0 5311+ 1 
i RAE 3 55331+5+ | poem uii 11 5 Se DES 
i ue . oo « E " จ ` i - = ะ แ 5 
| 74 | Sigmoid Carcinoma Small particles in region of | Calcium deposition in center of tumor 
| | right lobe i nodules and in portions of necrotic 
| | | liver tissue 
- (See ae rere UE en ee - ล 79 inc LS = 0 a 
28 | Sigmoid Adenocarcinoma | Fine, granular, diffuse Calcifications increased in number 
| during a 10 month period, coalescing 
but remaining fine and granular 
| 22 | Sigmoid Adenocarcinoma Fine, confluent particles Calcifications enlarged during a 3 
1 * 
| month period 
| 31 | Sigmoid Carcinoma Two groups of punctate densi- 
ties; one in left lobe, one in 
right lobe 
UNT RRR ET EN | wet ER MORRO ee hee ee SR ON OO ERT SOLERO od a 
G + * * * | 
69 | Rectosigmoid | Colloid carcinoma Innumerable, small, punctate | 
shadows in right lobe | 
31 | Colon Carcinoma Innumerable punctate parti- 
(ascending) cles covering an area 3 inches 
wide in the right lobe 
ES E EE E EE ฝ ็ 1+1 บ 335 ง 0 pP VPE NEN CPI oD 
1 
1 | Colon Adenocarcinoma Stippled, dense and coalescing | 
(ascending) | 
co i 855551+ ก 7 1 ๐ Pet 80 Pa 1510 y 
74 | Colon? Adenocarcinoma Small, faint, punctate Origin of primary tumor not proved. 
Presumed to be colon on basis of 
clinical history and histologie evi- 
dence of mucous glands in hepatic 
| metastases 
Oe SS NICE RI E UTE - Ta ene ernest eee ee ae cU ELI ETD 
60 | Rectum Adenocarcinoma Extensive throughout right | 
lobe | 
: i Ma ee a eee een HE = 1 5155 a 
| 60 | Bile Duct Carcinoma Mottled in clumps | 
เศ ฑา น ห น 0 0 3 1 1 ้ 7 ้ 3 รน วน ไว ื 1 ไน ้ “0 พ ล ต์ คน แอ ร ตั ต บ ร ณ์ TUE reed TORRE pnt M MÀ ——À MM nnn ÁÓ [ AANA EIEN NII itt ee 
t 
38 | Stomach Adenocarcinoma Large, irregular, nodular mass | *Metastases were mucinous. Authors 
in right lobe refer to other reports in the foreign 
| medical literature on single cases of 
| calcified hepatic metastases from 
| | tumors originating in the gallbladder, 
| | pancreas, stomach and breast 
| 36 | Bronchus | Adenoma Amorphous densities Calcifications appeared following 
| | radiation therapy to liver area 
ไร - a AS SUR - O Sa —— viii - — € — SEM SE RO 
i . 7 * LI ` 
| 53 | Breast | Carcinoma (ductal) Numerous, variable in size and | 
| 
: | dense | 
E eee I————— WE FOr ee ae E ERE EE E GL a 
37 | Eye | Malignant melanoma | Multiple nodular areas up to 


dense throughout; others with 


| ; 
| iO cm. in diameter; some 
| peripheral rim only 


แล ลา อ a tt tien ete RN III A eater 


* Psammoma bodies identified histologically in primary and/or metastatic lesions. 
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Fasie I--(Continued) 



























CMM Ue Primary Tumor E : 
Metastasis No. S; i ห อา ร พ า ร | of Calcifications i 
| า Site ' Histologic Type | | 
| 6o Salivary | My: xochondrocarcinoma, Diffuse, irregular throughout | Patient had recurrent salivary gland 
i |o giand | | most of right lobe | cancer. Needle biopsy of liver 
า ; ) . : : 
| | j | | showed adenocarcinoma compatible 
| i | | with salivary gland origin 
Salven |. 75 | Stomach | Carcinoma | Irregular, mottled | 
| 45 | Ovary Piven hos Curvilinear 
| | | eystadenocarcinoma | 
em mm | D | ๓ 3151 11 1 11 เ 5+ 0 ; P 7 เน น น ส ส ส ส อ ep a, Pit | » M MM Ü— 9 ea A IA i —€———— m a i เพ น ล อา } Pt ——————————— —P—— ——— A ๐ 
Left Adrenal | 66 | Gvary | Papillary | Apple-sized," ring-shaped 
Area | | | cystadenocarcinoma | 
ETE | i MUR EPIS EV MMC ne eas | FIENT ERUIT SERI Cr REO ote Gt ted gee —————————— E 
Upper | 12 | Ovary Leiomyosarcoma | Dense, punctate and mulberry- Calcified and  noncalcified metas- 
Abdominal | i | like i tases In both adrenal glands and 
i H i i . u EE 
Area | | | | surrounding lymph nodes. Primary 
| 0 | | tumor was calcified 
H i | i 
ต Vene m Am A ar ww | weve Ane i LÀ เล ง อ อ อ อ ล mm mm wi 0 0 NS 0 1 โม i p e พ น น ipium nm mem ar anm mc) A PNIS HEISE SR AARAU nim em im fee iA erem em menit p 5 | SA mt tm i vet 333 1+ บ บ te me Pe SP ^ 
Retro- | 20 | Testis | Embryonal carcinoma | Coarse, irregular granules; | Calcifications were noted 2 months 
c | i : = = | 
peritoneal | | small plaques | after chemotherapy 
Area | i | | 
2 = 8 1 ห น น ไห โ โ โ ไร 35+1 tu OR ot oN bch te ce 
| ป | i : | 
| 2 ๐ | Ovary Dysgerminoma | Punctate; 1 cm. areas of con- | Calcifications were noted 5 weeks 
| | | fluence | |a after Co® radiation therapy 
————— 2 0 CS | CE om sc oc E เล น น น 3 3 3111++++>+.- 30 eee 
; ] 
Presacral | 21 | Rectum | Adenocarcinoma “Small ossifying growth” | Metastasis was ossified 
Area 2 | Siete: So eam | pc——————————€ P 7 *+++++5031 ฝ ถ ท น 31800 ็ 0 = 
| 69 | Rectosigmoid | Colloid carcinoma | Many small shadows anterior | Calcifications were presumed to be 
i i ๑ น i . ~ 
| | | to the second, third and fourth | in recurrent carcinoma, Primary 
| | | sacral segments | lesion had been removed 8 years 
| | | | | previously and recurrence in urinary 
i : i | i 
| | | | bladder was proved histologically 
RNC RR ROR NE NN ป ไซ ท ถิ ณั POM = 
i i i i 
Pelvic Area ! 63 | Rectum | Adenocarcinoma | Dense, lobulated single mass | Metastasis was ossified 
ก -- 0 DICE 5 REN = 0 ย 1 เ ' เ 10๕ 0 = 
| | | | 
| 35 | Ovary | Papillary | Hazy, amorphous: scattered | * 
i I . a : 1 
i | i cystadenocarcinoma | obliquely throughout pelvis | 
I i | i 2 e | 
H เล ร a ce Ds i ก sk 5 ME E e —À MÀ] | - s 1 2 NR ZR OON —-- i a — — 
| 20 | Cervix | Carcinoma | Coarse, granular | Calcifications were noted 16 months 
i | | | after radium and roentgen-ray 
H H $ i 
| | | | therapy 
RAE, 9 (4 ไ ด รา กา ศา opin i coon sy Te i - E m 
| 1 8 อ M —— 
| 35 | Ovary | Papillary | Minute, near jeft uretero- | * 
me Lu * * i 
| | | cystadenocarcinoma | pelvic junction | 
NU ร ร ศร ร ene E — 
Rigs | 13 | Ovary | Papillary | Fine, granular |. * Calcifications simulated feces 
lower | | | cystadenocarcinoma | | 
| | 
Qu ad rant | 0 5 y: 5 | —— ta poe 35 cc a a เพ ยา ๑ ๐ ๐ ๐ 2101: n 
| 14 | Ovary | Papillary | Mottled, fine E 
E i j " t i 
| | | cystadenocarcinoma | | 
B arc. eI ME EE. | jure M— = 
Right | 77 | Colon | Mucinous | Fine, irregular and mottled | The primary tumor and one regional 
Upper | | (ascending) | adenocarcinoma | | lymph node were calcified, The 
À i i i M ` " - 
Quadrant | i | | | caleifications were mistaken for 
i | | | | feces 
- ien oS ร [pM Se ณั ศศ ด tuned Bias teat eee ad 
i : ub H - i 
Left | | Kidne | Carcinoma _ Cluster of irregular and ill- | This is the case described in this 
Hiac | ! | | defined densities measuring 5 | report 
Fossa | ! | cm. in maximum diameter 









Distal 
Colon 


| * Calcifications simulated barium 
and feces 


Papillary 
adenocarcinoma 












Numerous large (up to rg 6. s 
cm.) and small areas 


| Papillary 
cystadenocarcinoma 


โก อา 0 0 0 ate eate eh 050 ฏ 01 ไ 0 


2 7 ็ ฝ 0 ฝ ็ ง 55 | 
| Ovary | Papillary | Multiple large masses (up to | * 
| | cystadenocarcinoma — | 6X I9 cm.) | 

t | i ! 


tne ae read Ra RA AH RAHN eA A a e e e rit Ye t SINN ee rr ta i I Retry rn ULL € aAA d tra — v área me ven CE แน ระ ค ระ เธ ร แระ ส รส ่ ร ธะ 05: à 
is ij = ร ร ร ค ร rw oe PAP ee ee ree - E ia. PAPAA HSI ARES ———— RS ————— 
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TABLE 


! : จ อา ros 
i "NAE Un Primary Tumor 
Site of | Ret? f i 


CMM i Site | Histologic Type 
Papillary 
cvstadenocarcinoma? 


Widespread 


obl 

ba 

— ato ates 
- o 
-— ? 
E i 
E 

F 

A 
จ 


———Ü— —G—P m 


i 


$8 | Qvary Papillary 


Cystadenocarcinoma 





Ovary Psammo- 
adenocarcinoma 


MA pata ES CS ISIN 


i i Si. = 


Ovary Papillary 
cystadenocarcinoma 


| Multiple, large, hazy amor- 


HRoentgenographie Features 


120 A e Remarks 
of Caleifications "S 


Reentgen findings characteristic of 
phous areas papillary — cystadenocarcinoma — of 
ovary. Histologic proof not obtained. 
“Roentgen diagnosis confirmed by 
perikonecscopy | 


:n— 


Multiple rounded densities in | * Patient died 18 years after histo- 
area of spleen, liver and pelvis. | logic diagnosis was made and 9 years 
Large, dense irregular mass in | after calcifications were first seen on 
left iliac fossa the abdominal rcentgenogram 

Rounded densities, especially 
prominent in the subhepatic 
region, varying in size from 
"pin head" to "prune," and 
extending to right iliac. fossa 


CR bt E EE itn E APR E ES ee ร ร ห ร ม แห อ ร 


Trregular and of varying * Calcifications extended to above the 
density right diaphragm and into the right 
lung 


อ ร ร น น BA dec ๕ ๕ ๒ ๒ ๕ ๒ ๒ ๐ ๐ ณา ย ย ย ่ ยา oo า ้ น น ้ ั 3 ว 3 ง 3 ง ง น ห 5 ๐11 15111111+313 ว 0 ว 531 1: 3 


Ovary "Psammocarcinoma" 


Variable sized with poorly 
dehned borders 


Ovary Papillary 
cystadenocarcinoma 


Numerous, small densities of | ” Calcifications decreased following 
varying size radiation therapy 





Ovary Papillary 
cystadenocarcinoma 


Papillary 
adenocarcinoma 


oboe mui EM TT rt tt ini 5 อ 5 ๐ 5 ๐ 55 ๐ TT e EU SU IE 
EN | pus - ww RN 
ง ว | - -d Re p 
m. 
£z 
TI 
vá 


23 | Ovary Papillary 
cystadenocarcinoma 


p" --——-———E— ———  — — ———————Ó amor 


5 ๐ | Ovary Carcinoma 


Densities primarily in lefr | * 
part of abdomen and region of 
right gutter 


Hazy, speckled densities, es- | * Calcifications frst noted one-half 
pecially in right hypochon- | year after rcentgen therapy 

drum, "Banana-sized" area in 
left side of pelvis 


Faint, "apple-sized" areas in | * Calcifications first noted following 
both adnexal regions; §-6 cm. | roentgen therapy 

long, band-lke area in mid 

pelvis 


Hazy, granular; more dense | * See Fig, 2, .7, B and C in this 
and larger zones in mid pelvic | report 

and right adrenal areas 

Variable sized, rounded, dense | * This same case is described in 2 
nodules with fairly regular | other reports?! 3? 

borders grouped especially in 

left hypochondrium, sigmoid, 

splenic and hepatic regions 


Y 


tid pai vi cc cE cot i — 





A — e NO TT 
72 | Ovary Papillary 
cystadenocarcinoma 


“6 | Ovary Papillary 
cvstadenocarcinoma 


1 ็ 1++111" ก "1111+++ แ 0 





Ovary Papillary 
cvstadenocarcinoma 


13 


| 
| 
| 
| 





| 
| 
| 


i 
i 
i 
i 


Papillary 
cystadenocarcinoma 


Ovary 


? 


y» 
-— 


——— 





Homogeneous hazy area in | * 
pelvis consisting cf innumer- 
able, discrete, punctate de- 
posi ts. Cc nglon:erate, punctate 
densities in both upper quad- 
rants 


———————!——Ó—M HENNE [ UNE 





Densities filled entire pelvis | * One calcified metastatic lesion 
and mast of abdomen. Locked | seen in anterior chest wall 

ke barium beth inside the 
gut and free in the peritoneal 


Se 


—À 








* Calcification initially taken for 
right mid abdomen, left upper | feces 

quadrant and possibly in a | 

large mid-abdominal mass | 
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Ser l Ref. Primary Tumor 


| 
Metastasis | No, 


Histologic Type | 
Ovary? | Papillary 


n | | 
Widespread | 2 | 
า ! | eystadenocarcinoma? 


| Papillary serous 
2 eystadenoma 


| Osteogenic sarcoma 


gem Rea ar Te ee P attegrelr al 


| Round-cell scirrhous | 
; Carcinoma 





| Pseudomyxoma 


| peritonei i 


birefringent, laminated, roughly spheric, 
calcific particles which measure 5 to 100 u 
in diameter. They are found occasionally in 
a variety of tissues! 434-6 but are common 
only in the ovary,® the central nervous 
system' 94* and carcinoma of the thv- 
roid.? 9.5.7 When they occur in a carci- 
noma, the term psammocarcinoma often is 
used. 

The roentgenographic characteristics of 
psammous calcification in papillary cvs- 
tadenocarcinoma of the ovarv depend upon 
the size of the neoplastic masses, the ex- 
tent of metastases and the concentration 
of psammoma bodies in the lesions.? The 
resulting shadows sometimes are strikingly 
opaque. More commonly, they appear 
indefinite and cloud-like on the roentgeno- 
grams, only slightly denser than soft 
tissues. In fact, psammous calcification 
may simulate feces! or be mistaken for 
a fine coating of barium adherent to the 
mucosa of the bowel Often the 
calcific deposits coalesce to form a mottled 
or finely nodular appearance (Fig. 2, 2, 
B and C). Roentgenog ‘aphically detect- 
able psammous calcifications may be con- 
fined to the primary tumor or its im. 


Calcification in Metastases 
Taare I—(Continued) 


Roentgenographic Features 


| Numerous, nodular, confluent | Authors imply that calcifications 
densities of various sizes, pri- 
marily in left hypochondrium 


Ring-shaped; up to "apple" | 
in size 






Not described and roentgeno- 
grams not published 


Multiple, 
variable-sized 
Extensive, mottled, large and . 
small | 


Ha Ttt tm nn M Herne eH Isdem 3 0 0 # 050 ร 5300 


| Diffuse, annular 
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ay cla a Remarks 
of Calcifications : 


| were widespread. Primary tumor 
| believed to be ovarian on basis of 
| pelvic mass and histologic appear- 
| ance of ascitic fluid 


Cause of calcifications not proved, 
| Authors assumed that the ovarian 
tumor had undergone malignant 
degeneration with spread, 


Abdominal rcentgenogram reported 
to show calcifications scattered 
throughout the lower part of the 
abdomen 


dense, rounded, 


เห อ อ อ น อ ร ร ล RENE A Noa cg Mat dss Sew ue tt a c E SacBee 


| Origin of primary tumor not men- 
| tioned in this male patient 


mediate surrounding structures,? or to 
just one abdominal metastasis." How. 
ever, when thev are spread widelv about 
the abdomen, their density and distri- 
bution as seen on the plain abdominal 
roentgenogram are characteristic and 
should permit the diagnosis of metastatic 
psammocarcinoma of the ovary .!5:17,25.35.48, 
mero 75 OF the few other tumors reported 
which showed widespread calcifications on 
the plain abdominal roentgenogram, all 
but one? originated in the ovarv, and the 
pattern of calcification in their metastases 
was varlable.?.19.62.67. 0 

In the differential diagnosis of wide- 
spread abdominal calcifications, ovarian 
tumor should be given primarv considera- 
tion because few other disorders produce 
such a picture. Careful study should pre- 
vent any diagnostic confusion with opaque 
material scattered along the gut,?!? small 
phleboliths occurring in hemangiomatosis 
of the mesenterv, small intestines or omen- 
tum,” or the diffuse peritoneal calcifica- 
tions resulting from healed tuberculo- 
sis?! oil granuloma? or echinococ- 
cosis.” 

In the differential diagnosis of localized 


144 c ME PT *iband and L. C. Collins 








NUARY, 1964 





Fic. 2. Calcification in metastases from papil- 
lary cystadenocarcinoma of the ovary.” (4) 
'The amorphous calcium deposits through- 
out the pelvis and right side of the abdomen 
an be separated from colonic gas shadows. 
(B) Close-up of the right upper quads a 
mass showing coalescence of fine, calcific 
particles. (C) Roentgenogram of a P cm. 
omental metastasis removed from the abdo- 
men. The detail of the calcification is well 


demonstrated 


calcifications within the abdomen, the the calcification may offer some ciue to the 
possibilities are more numerous and the origin of a calcified metastasis. Hazy or 
correct roentgenologic interpretation is stippled c: cifications localized to the area 
more difficult. These various diagnostic of the liver should suggest hepatic metas- 
considerations have been reviewed in detail tases from adenocarcinoma of the colon, 
yy McAfee and Donner." The point we especially the sigmoid 2228.00.74 (Table 
wish to emphasize is that localized int 1); however, similar calcifications in the 
abdominal calcification occasionally may right upper quadrant occurring in a pri- 


represent metastatic tumor. The locus of mary carcinoma of the ascending colon 








Calcification in Metastases 


Vot. ot, No, I 1483 
Tase H 
CASES OF CALCIFIED INTRA-ABDOMINAL AND RETROPERITONEAL METASTASES TABULATED ACCORDING 
TO SITE OF PRIMARY TUMOR 
| | Primary Tumor 
d E Calefied — | — wo of Cases — lo - 53 ล 0 8 = 
แอ | | Ovary | Colon | Other 
6 01 ห ส eR ECE racc of: han 
M MM | | | 
Widespread 22 | 21 E. * | 1 
Localized 35 | | 
Hepatic | 18 | — 12 6 
Nonhepatic 17 | 9 4 4 
i i 
€————P— E — ————————————ÀÀ C ———— — RR T 
tp l 1. i D TAS. อ p ry 
otal | 8710990) | — 3o (53%) 16 (28%) 11* (19%) 


แน อ น อ ส ย ย อ นา กา AY AME eh dde mre A IAE 5 99 0 0 Du 


แน ล: 0: a ye  ++++++ 13#3 ้ dt 





แน ล 0 0 0 113511 31 11+11 เ + 5 


* It is noteworthy that in these 11 cases, there were 10 different primary sites, the stomach being the primary site in 2 instances. 


have been noted in 2 patients. A small 
zone of hazy, stippled calcification confined 
to the pelvic area or lower part of the abdo- 
men 1s likely to be caused by a psammo- 
carcinoma of the ovary* or one of its metas- 
tases,’ but a similar roentgenographic 
picture may result from a benign papillary 
cystadenoma of the ovary? or a primary 
carcinoma of the rectum* or colon.?? As 
shown in Table 1, metastases containing 
calcium may be confined to other relatively 
small areas of the abdomen, but in such 
instances, their roentgenographic appear- 
ance is nonspecific. This point is illustrated 
by the case reported here in which there 
was much uncertainty regarding the nature 
of the calcified mass in the left iliac fossa. 
Indeed, no other case of roentgenographi- 
cally detected calcified abdominal metas- 
tasis from renal cell carcinoma was found in 
our review of the medical literature. 

The pathogenesis of calcification in me- 
tastases 1s poorly understood. Possible 
etiologic factors such as hemorrhage, ne- 
crosis and an elevated serum calcium con- 
centration often cannot be demonstrated, 
particularly in the cases of psammocarci- 
noma. It should be pointed out that most of 
the primary carcinomas of the gastrointes- 
tinal tract containing roentgenographically 
demonstrable calcium have been mucinous 
in tvpe.* In such cases the calcium has been 
found predominantly within accummula- 
tions of mucin. However, in the calcifying 
secondary tumors reviewed here, the histo- 


logic descriptions rarely included mention 
of mucous glands. 35.5 


SUMMARY 


An analysis of the roentgenographic 
features of 57 cases of calcified intra- 
abdominal and retroperitoneal metastases 
permits the following conclusions: 

1. Widespread intra-abdominal calcifica- 
tions should suggest metastatic ovarian 
tumor, particularly psammocarcinoma. 

2. Hazy or stippled calcifications con- 
fined to the region of the liver should sug- 
gest hepatic metastases from adenocarci- 
noma of the colon, especially the sigmoid. 

A case of calcified intra-abdominal me- 
tastasis detected by roentgenologic exami- 
nation is presented. The primary lesion was 
a renal cell carcinoma. 

Herbert L. Fred, M.D. 

Department of Internal Medicine 
Baylor University College of Medicine 
Texas Medical Center 

1200 Moursund Avenue 

Houston 25, Texas 
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Texas, for their help in the preparation of this 
manuscript. 
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ADDENDUM 


More recently, Karras e£ aZ? and Miele 
and Edmonds?" reported on a total of 7 
additional patients with finely granular 
intrahepatic calcifications representing me- 
tastases from carcinomas arising IN various 
regions of the colon, and Curry and How- 
land™ called attention to discrete opacities 
spread widely throughout the colon of 2 
children who nibbled on erasers. These 


aut 


hors found that some abrasive erasers 


2* 


contain significant amounts of barium 


~% 


sulfate and calcium carbonate. 
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By MORTON G. MURDOCK, M.D.,,t and SIMON KRAMER, M.D.1 


PHILADELPHIA, 


ADIATION therapy does not play a 
major part in the treatment of carci- 
noma of the rectum and colon todav. The 
emphasis in the literature has been placed 
on the surgical management of these le- 
sions. That is as it should be since usually 
surgerv offers the onlv chance of a cure. 
Henschke? in 19:9 referred to the number 
of articles written on the use of radiation 


therapy in this disease. He noted peaks of 


interest in the late 1920's and again in the 
decade between 1935 and 1945, and a 


marked drop in the number ot articles 
written between 1945 and 1955. He pref- 
aced his presentation bv showing surprise 
that a radiotherapist should be asked to 
participate in a symposium on colonic and 
rectal neoplasia. Our review of the litera- 
ture shows the lack of radiotherapeutic 
interest noted by Henschke to continue to 
the present time. 


The accepted treatment for carcinoma of 


the rectum and colon is the abdominoperi- 

neal or Miles resection. The reported § 

year survival figures for these lesions vary 

widely. Welch and Burke,'* in 1962 found a 
£7 per cent 5 


inen cases. Shallow et a. M n 1958 5 bed an 


christ! | in m 0 P te a £0 per ¢ cont ; 
year survival rate is to be expected in tu- 
mors arising below the peritoneal reflection. 
Garlock ez a/? found survival figures of 28.3 
per cent for ward patients and $6.3 per cent 
for private patients and Dukes and Bussev! 


reported corrected § vear survival figures of 


57.4 per cent. There is general agreement 
that the best chance for improvement in 
survival lies in earlier diagnosis. 

Patients in whom the cancer is not eradi- 


vear survival in their study of 


PENNSYLVANIA 


cated mav present at a later date with 
either local recurrence or distant metas- 
tases. The most common symptom of local 
recurrence is pain, whether the recurrence 
is in the pelvis, abdomen, vagina or peri- 


neum. Although this pain may be very 
severe, the patient's general condition is 


often surprisingly good. If the pain can be 
relieved, he may continue to lead a useful 
life for many months or vears. Although 
carcinoma of the rectum and colon has been 
considered to be a radioresistant tumor, it 
has been our experience that the symptoms 
due to local recurrence can be palhated 
very adequately by supervoltage radiation 
therapy. In this report the value of pallia- 
tive radiation therapy for the perineal 
recurrences is considered. The definition of 
perineal recurrence is limited to those cases 
in which there is soft tissue implantation of 
cancer cells in the area between thee exter Ti 


Ee pes sacrum or 
the bladder or vagina are not 


u aa ing 
invasion of 


included. Intrapelvic disease is also not 
included. 


The perineum is a fairly common site for 
recurrence of rectal carcinoma. In the series 
of Shallow e£ al! 7 per.cent of the recur- 
rences were classified as perineal. Williams 
et al. report 28 cases of perineal recurrence 
in their series of 82 cases treated bv super- 
voltage radiation. Recurrence in the peri- 
neum represents a distressing problem to 
both the patient and his doctors. The pa- 
tient presents with severe deep boring pain 
in his perineum and upper thighs. In many 
cases a foul discharging mass close to or in 
direct. approximation. with the surgical 
perineal scar is present. The situation is 


* From the Division of Radiation Therapy, Department of Radiology, Jefferson Medical Center, Philadelphia, Pennsylvania. 
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such that walking or sitting becomes ex- 
ceedingly difficult. The pain leads to ano- 
rexia and malnutrition and complicates the 
problem. Although uncomfortable and un- 
able to work, many of these patients have a 
life 80 ว 1 id Over 38 LUE and 


CASE MATERIAL 


The records were analvzed of all patients 
treated for carcinoma of the rectum and 
colon in the Division of Radiotherapy 
of the Jefferson Medical College pe 
between 1957 and 1962. C e 60 pa- 
tients, 13 represented ex amp i perineal 
recurrence according to our earlier defini- 
tion. The other cases include vaginal recur- 
rence, intra-abdominal recurrence at the 
operative or anastomotic site, local bony 
invasion and distant metastatic disease. All 
13 patients were treated with cobalt 6o 
beam radiation. Three of the patients re- 
ceived $-fluorouracil in. conjunction with 
their irradiation; 2 others got this agent at 
a later date in the course of their disease. 
Most of the patients were treated with a 
direct. perineal portal. Rotation. and op 
posed portals were used less frequently. 
dose of 4,500 to 5,5 oo r was delivered w 
ever possible in 4 to £3 weeks. 

There were 3 females and 1 
average age was 60 wears; 
between surgerv and the 
symptoms in the perineum ranged between 
3 and 42 months, with an average of 15 
months. Eleven of the 13 patients had Miles 
abdominoperineal resection; 1 had a colos- 
tomy and 1 had a pullt hrough procedure. 

It is quite difficult to evaluate the results 
in a disease process such as perineal pecus 
rence. Obviouslv, the subj jective response as 
well as the อ เท อ ย change in the tumor 
must be considered. Remington,” in his 
discussion of palliation in recurrent rectal 
and colonic carcinoma cites four aims which 
we feel summarize the situation well: (1) 
relief of pain; (2) prevention or relief of 
obstruction; (3) prolongation of a useful 
lite; and (4) the providing of moral support. 
In perineal recurrence the prevention of 


o males. The 
the interval 
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obstruction is not applicable, but the other 
3 criteria provide a useful measure upon 
which to gauge our results. 

In Table 1 a summary of each patient's 
course is given. We have set up our own 
standards to classify the effects of treat- 
ment and these are shown in Table ir. By 
these standards, our results are summarized 
in Table nr. 

REPORT OF CASES 

CASE 1. (This case has been reported previ- 
ously in detail.*) V.F., a £7 vear old white fe- 
male school teac cu underwent a Miles resec- 
tion for rectal carcinoma in April of 1957. In 
November of 1928, a 4 em. nodule was noted in 
the left buttock and a 2 cm. nodule in the right 
buttock. These TUM were tender and quite 
painful. She was treated with Co*? beam radi- 
ation to a dose of §,§00 ท in 29 days through a 
direct perineal portal. Symptoms were relieved 
and the masses diminished markedly in size. 
The patient remained asymptomatic for 14 
months until January of 1960 at which time a 
painful perineal recurrence was again noted. 
She was treated with 5.0 gm. of s-fluorouracil 
with no change in her lesion; a marked sys- 
temic reaction occurred. Because of increasing 
perineal pain and ulceration, she was retreated 
by further cobalt 60 beam therapy to the 
perineum to 4,500 r in 22 days in June, 1960. 
The immediate result was good in that the 
perineal pain and discharge ceased and the pa- 
tient was able to return to teaching. Later on, 
the perineum became necrotic and sloughed, 
leaving a large cavity. Despite this, she was 
able to teach until March of 1961. She died in 
November of 1961, almost 3 vears after her 
original treatment for perineal recurrence. 


Comment. Both courses of therapy pro- 
duced good palliation in that the patient 
was able to return to her work on each 
occasion for an appreciable period of time. 


Case c, P.B., a 40 vear old white male truck 
driver, had had a colostomy in March of 1958 
and a Miles resection in August of the same 
vear, In May of 1960 he presented with pain 
and several masses in the perineum, the largest 
of which measured 7X4 cm. The recurrence 
'aused so much ง ล ก that he was forced 
to give up his work. He was treated with cobalt 
6 ๐ irradiation receiving a dose of £,000 r in 34 
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EVALUATION OF RESULTS IN PERINEAL RECURRENCE 


Excellent —Complete relief of pain and regression of 


lesion for 6 months 


Good —Marked relief of symptoms and regression of 


lesion for at least 6 months with later recurrence 

in perineum 
Fair--Pain rehef for 3 

regression 
Poor--Failure or death within 3 months 


months but no objective 


weeks through a 1 5X10 ๑ ท า . direct perineal por- 
tal. Complete pain relief. was achieved. The 
masses shrank to about halt their original size 
and the patient returned to work. Improvement 
was maintained for 18 months dne generalized 
metastases occurred. He was given a course of 
&-fluorouracil with no improvement and died in 
June of 1962, approximately 2 years after the 
beginning of therapy. 


Comment. We consider this a good result, 
with 18 months of relatively comfortable 
existence during which time he was able to 
do his work. 

Case 9. C.R., a 72 vear old white male, had 
had a pullthrough procedure for rectal car- 
cinoma in December of 1949. He received 250 
kv. irradiation for a pelvic mass in 1960. He 
presented to our department เท December of 
1961 with a soft tissue mass in the perineum. 
He was uremic and an |! rose bengal liver scan 
was positive for liver metastasis, He was treated 
with cobalt 60 beam radiation to 2,400 r in 7 
days bv means of an 8X6 cm. portal. Pain re- 
lief was minimal and the patient died 2 weeks 
after the end of therapy. 


Comment. This represents one of our poor 
results and emphasizes the importance of a 
patient’s general condition in deciding upon 
a specific palliative measure. 


Case 10. M.H., a 67) year old white male, had 
a colostomy for carcinoma of the rectosigmoid 
area in July of 1958. Perineal recurrence caused 
severe anal pain and cordotomy was necessary 
in October of 1961. This failed to relieve his 
symptoms and he presented to our department 
in December of 1961. At that time, he had a 
6 cm. mass in the gluteus muscle area and 
marked tenderness. He received 3,600 r by 
means of a direct 17X 15 cm. portal and 2,400 r 
through opposed 15X10 cm, lateral portals. 
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There was some tumor regression and good 
pain relief until he died in. June of 1962 from 
generalized metastases. 


Comment. We consider this a fair result 
with effective short term palliation. 

Case 13. J.P., a 54 year old white male, had 
a Miles resection in June of 1960 and perineal 
recurrence in September of 1962. When he was 
seen in the department, he had an enlarging 
painful mass in the perineum but no other evi- 
dence of recurrent disease. He seemed a good 
candidate for treatment and was given §,000 r 
in 28 days through an 8X8 cm. direct perineal 
portal. There was good regression and pain re- 
lief at first, but almost immediately, both the 
pain and the mass recurred, necessitating 
neurosurgical intervention, This also failed and 
an infusion with s-fluorouracil into the hypo- 
gastric artery was ene with good earlv results. 


Comment. We consider this a treatment 
failure and the only patient in our series 
who had a full course of radiation therapy 
without significant palliation. 

RESULTS 

In our series, we feel that 9 out of 13 
patients received worthwhile palliation 
from the cobalt 60 treatments. It is inter- 
esting to note that in 3 of our treatment 
failures, the patients’ condition was near 
เก thus causing us to curtail our dose. 
Of all the cases in which we were able to 
take the patients to the full prescribed dose, 
only 1 (Case 13) failed to show a satisfac- 
tory result. The use of s-fluorouracil in 
conjunction with the irradiation did not 
alter the results. 

We noted no problems in managing skin 
reactions in the majority of our patients. In 
onlv 1 (Case 7) was the reaction severe 
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enough to cause us to discontinue treat- 
ment. In all of the other patients the reac- 
tion was easily managed by the usual princi- 
ples of local care. 


DISCUSSION 


Several authors have recently written on 
the spread and sites of rectal carcinoma 
recurrences. These papers emphasize the 
importance of local recurrence in the late 
symptomatology and management of this 
disease. Tavlor? and Gilbertsen? have 
reviewed the problems of local recurrence in 
detail. Gilbertsen followed 125 cases to 
death and found a recurrence rate of 74 per 
cent with st per cent of these representing 
local disease. In his series, the most com- 
mon site of recurrence in women was in the 
cul-de-sac, while males tended to have 
recurrences in the posterior pelvis, and pre- 
coccygeal and sacral plexus. Gilbertsen’s 
series included s perineal recurrences. 
Seefeld and Bargen" analyzed 100 opera- 
tive specimens and found the highest local 
recurrence rate associated with invasion of 
the perineural space by tumor cells. The 
patients with perineural invasion also had 
the worst prognosis. Dukes and Bussev! 
stressed the poor prognosis associated with 
Ivmph node invasion. 

These studies emphasized the importance 
of the local spread and recurrence. Never- 
theless, the radiologic literature is rather 
sparse on the treatment of these problems. 
Henschke's work has already been alluded 
to. He treats perineal recurrence with inter- 
stitial applications of radioactive materials 
in order to minimize the skin reactions. 
Williams ef a/.^ using a 1,000 kv. beam 
treated 28 cases of perineal recurrence and 
felt that significant palliation was 
achieved in most cases. He noted an aver- 
age symptomatic improvement of 7.7 
months. Wise and Smedal used a 2 mev. 
Van de Graaff generator and achieved good 
results. Thev concluded that the primary 
treatment was worthwhile, but retreatment 
rarely so. Their dose ranges were essen tiallv 
similar to those which we used. Jaffe and 
Gazzaniga^ and Wang and Schultz! used 
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3 
smaller doses (3,000 r) for problems such as 
rectal discharge, bleeding and recurrent 
mass at a bowel anastomosis. 

In our own series, the best results were 
achieved in patients whose recurrence was 
limited to the perineum. Their survival 
times (average 13 months) are long enough 
to make palliation in the form of pain relief 
and return to a relatively normal life a 
worthwhile aim. 

SUMMARY 

Thirteen cases of perineal recurrence of 
carcinoma of the rectum and colon treated 
palliatively by cobalt 60 irradiation are 
reported. Nine patients had worthwhile 
palliation. Radiation therapy should prob- 
ably not be given where severe generalized 
disease coexists with perineal recurrence. 





Simon Kramer, M.D. 

Department of Radiology 
Jefferson Medical College Hospital 
11th and Walnut Streets 
Philadelphia 7, Pennsvlvania 
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PERIPHERAL BONE METASTASES* 


By RICHARD B. MULVEY, M.D. 


CINCINNATI, 


ERIPHERAL bone metastases are rare 
lesions; when these occur they are often 


TE RA 19 
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from a primary carcinoma of the lung? 


Considering the frequent involvement of 
bv metastatic disease, the raritv of 


bone 
these peripheral lesions is quite unique. 
Jaffe, in his discussion of osseous metasta- 
ses, has stated, “... it is only exception- 
ally located in a bone distal to the knee 
joint and h ardly ever in a bone distal to the 
elbow ] Joint.' "5 In spite of their rarity, these 
metastatic processes should be included in 


the differential diagnosis of lytic lesions of 
the bones of the hands and feet. Six cases of 


peripheral metastases are reported and the 


roentgenographic features and probable 
mechanism of production are discussed. 


REPORT OF CASES 


Case 1. A 60 year old white male with a 
biopsy proven squamous cell carcinoma of the 
lung complained of pain and swelling in the tip 
of his fifth finger. Clinically, this was ‘thought to 
represent an inflammatory process, 

A roentgenogram of the digit revealed expan- 
sion and extensive destruction of the terminal 
phalanx bv a homogeneous soft tissue mass 
which had replaced almost the entire bone. A 
few fragments of cortical bone were noted at 

x. per iphery of the soft tissue mass and a thin 
3m of sube ' 'al bone was still present at the 
P (Fig. 1). 

Histologically y, tissue from the phalangeal 
lesion appeared identical with that of the pri- 
mary pulmonary carcinoma. 


Case 11. A 68 year old white female presented 
with pain in the left neck and shoulder. Physical 
examination and plain roentgenograms of these 
areas were unremarkable. Because of aggrava- 


tion of her symptoms and the appearance of 


neurologic changes, a myelogram was made one 
month later. This showed an extradural defect 
on the left displacing the spinal cord and de- 
struction of the adjacent vertebral pedicle (Fig. 
2.4). À chest roentgenogram revealed an ill. 


OHIO 





Vic. 1. Case L Roentgenogram showing metas- 
tasis to the distal fifth phalanx. 


defined pulmonary nodule suggestive of a pri- 
mary malignancy. 

Twenty-two months after the onset of symp- 
toms, the patient complained of painful swelling 
of the proximal portion of her index finger. A 
roentgenogram (Fig. 28) revealed extensive 
bone destruction and expansion of the phalanx 
by a large, well defined soft tissue mass. There 
was relatively normal bone in the distal portion 
of the phalanx and a thin line of cortical bone 
remained at the proximal joint. 

Surgical specimens from the spine, lung and 
finger were all reported by the pathologist as 
adenocarcinoma. The pulmonary lesion was 
thought to be the primary one and no evidence 
of a primary site elsewhere was demonstrated. 
A 6r year old white male, 
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phalanx of the index finger. 


paren tly in good health, was admitted for eval- 
uation of hoarseness and a cough productive of 
mucoid material, ay hile in the hospital, he 
noted pain in his left foot. There was redness, 
swelling, heat ind tenderness in the region of 
the cuboid. 

A chest roentgenogram revealed enlargement 
and increased density of the left hilus and par- 
tial atelectasis of the lett upper lobe. A roent- 
genogram of the left foot (Fig. 3) showed exten- 
sive destruction of the medullary bone of the 
cuboid with a thin rim of remaining cortex and 
relatively normal structure of the remaining 
rabeculae. 

At operation a dense mass of gelatinous ma- 
terial was found replacing the normal internal 
structure of the bone; a thin shell of remaining 
cartilage surrounded this tissue. À biopsy was 
reportedas metastaticsquamous c ell carcinoma, 
probably of pulmonary origin. 

On this same admission, a polyp of the uri- 
nary bladder was removed and its base ful- 
gurated. Microscopically, there was an area of 
purely transitional cell carcinoma on the apex 
of the polyp, but there was no involvement of 
its stalk. There was no epidermoid transition in 
this lesion and the pathologist thought that 


Case ir. (7) Roentgenogram showing the extradural defect with destruction of the vertebral pedicle 
and displacement of the spinal cord. (B) Roentgenogram showing metastatic 


destruction of the proximal 


this was unrelated to the metastatic lesion of 


the cuboid. 


Case iv. A 62 year old white male was ad- 
mitted because of progressive, painful swelling 
of 3 months' duration, in his right foot. He had 
had a chronic productive cough and had lost 21 
pounds in the 3 month period. 

There was redness, swelling, h 
tenderness in the region of the first cuneiform. 
Physical examination. was otherwise noncon- 
tributory. 

A roentgenogram of the right foot (Fig. 4) 
revealed almost complete destruction of the 
first cuneiform. The admission chest roentgeno- 
gram demonstrated a mass extending from the 
left hilus into the left upper lung field and there 
was partial atelectasis of the left upper lobe; 
0 roentgenographic changes were interpreted 

s "probable bronchogenic carcinoma. 

A needle biopsy of the lytic lesion of the first 
cuneiform was reported as epidermoid car- 
cinoma, probably of bronchial origin. 

There was progressive debility and cachexia 
and the patient expired 7 months after the onset 
of symptoms. 

Autops sy reve 


sat and marked 


aled a large neoplasm occupying 
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most of the left upper lobe. The rupture of a 


necrotic cavity within the tumor into the 
pleural space was thought to be the terminal 


+ 


event. There was partial obstruction of the left 
upper lobe bronchus by a friable, fungating, 
intraluminal] component of the malignant mass. 
Microscopically, this was a primary epidermoid 
carcinoma; it was histologically indistinguish- 
able from the biopsy of the left foot. There were 
focal metastases in the left adrenal gland and in 
the cortex of the left kidney. 

CASE v. À 69 year old white male was seen 
because of progressive cough and weakness. A 
chest roentgenogram revealed a mass lesion of 
the right lower lobe. An inoperable squamous 
cell carcinoma with extensive pleural involve- 
ment was found on exploration and the chest 
was closed. Some symptomatic improvement 
occurred following antimetabolite therapy. 

Four months after the initial admission, the 
patient complained of progressive, painful 
swelling of his left fourth finger. The proximal 
portion of this digit was swollen and tender, 
and the skin was tense and erythematous. 
Clinically, this was thought to represent an 
inflammatory process. 





Pic. 3, Case ii. Roentgenogram showing medullarv 
destruction of the cuboid by a bronchogenic 
metastasis, 
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Fic. 4. Case tv. Roentgenogram showing destruc- 
tion of the first cuneiform by metastatic carcinoma. 


A roentgenogram of the hand (Fig. 5) demon- 
strated medullary destruction of the proximal 
fourth phalanx with complete loss of the bony 
cortex and an adjacent homogeneous soft tissue 
mass. Some less definite changes of the medul. 
lary bone of the phalanges of the fifth finger 
were present. Regression of the pain and swell. 
ing occurred following radiation therapy to the 
hnger, but the patient's condition deteriorated 
and he expired after a febrile downhill course. 

Autopsy revealed a large abscess distal to an 
obstructing carcinoma of the right lower lobe 
bronchus. There was malignant extension to 
the pericardium and bilateral adrenal metas- 
tases were tound. 


Case VL A 32 year old white female presented 
with relatively sudden loss of visual acuity in 
her right eye. A retinal detachment was thought 
to be due to a metastatic malignancy by the 
ophthalmologist. A routine chest roentgenogram 
revealed increased size and density of the lower 
part of the left hilus and a laminagram of that 
area demonstrated narrowing of the left lower 


lobe bronchus and an associated soft tissue mass. 


Biopsies of the endobronchial lesion and 


a 





Fic. § Case v. Roentgenogram showing broncho- 
genic metastasis to the proximal fourth phalanx, 


subcutaneous nodules were reported as un- 
differentiated carcinoma. 

While receiving radiation therapy to her eve 
and lung lesions, the patient noted pain in the 
tip of her left middle finger. A roentgenogram 
(Vig. 6.7) revealed destruction of the medullary 
bone of the terminal phalanx. Radiation therapv 
resulted in remission of pain and reossification 
of the area of destruction (Fig. 6B). Pathologic 
proof of the peripheral bone lesion was not ob- 
tained in this case. Debility was ingravescent 
and the patient expired from bronchial hemor- 
rhage 4 months after the onset of symptoms. 

At autopsy multiple metastases were found in 
both lungs, the myocardium, uterus, spine, 
spleen, liver, and both kidneys. A large left 
hilar mass was thought to represent the primary 
site. The pulmonary veins were dissected from 
the left atrium to the lungs; a large, friable, 
intraluminal component of the malignant mass 
was found occluding the pulmonary vein which 
drained the left lower lobe. Clumps of intra- 
arterial tumor emboli were identified micro- 
scopically in sections from various tissues. 

Malignant. tumor emboli, carried bv the 
pulmonary vein to the left atrium and entering 
the systemic arterial circulation, would explain 
the widespread metastases in this patient. 


มี Richard B. Mulvev 


Janvary, 1964 


DISCUSSION 


Metastases in the bones of the hands and 
feet are rare, but mav occur. The bones of 
the foot are involved more often than those 
of the hand, and cases of multiple lesions 
have been reported. These lesions usually 
occur in the phalanges, especially the termi- 
nal ones, and have been previously re- 
ported in the tarsal bones; no record of a 





hig. 6, Case vic C4). Roentgenogram showing an 
osteolytic lesion of the terminal phalanx of the 
middle finger; primary bronchogenic carcinoma. 
(B) Roentgenogram showing reossification of the 
area of destruction following radiation therapy. 
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carpal bone metastasis could be found." It is 
thought that these metastases are alwavs 
symptomatic and, as in Case 1v, may be the 
first evidence of a malignant process. 


In all of the present cases and in most of 


those previously reported, these metastases 
have closely simulated osteomvelitis both 
clinically and roentgenologically. The roent- 
gen characteristics of these lesions, while 
not pathognomonic, are fairly typical and 
should suggest the correct diagnosis. Pe- 

ripheral bone metastases are purely osteolyt- 
ic and the reactive condensation of bone 
which may occur in osteomvelitis has not 
been observed. Periosteal reaction, com- 
monly seen in inflammatory processes, does 
not occur with these metastatic lesions. The 
trabecular destruction. produced bv the 
metastasis 1s usually well defined and the 
surrounding trabeculae are relatively nor- 
mal in appearance. In osteomyelitis there is 
usually demineralization and smudging of 
c 1 0 dera in ther reaction areas 


struction. ae metastases gm not เท - 
volve or cross the Joint? and even with ex- 
tensive destruction a thin margin of sub- 


chondral cortical bone usually remains. If 


the expanding mass of intramedullary neo- 
plasm has broken through the thinned-out 
shell of remaining cortical bone, the adja- 
cent soft tissue involvement is usually ho- 
mogeneous, localized and well defined. În in- 
flammatory processes, diffuse swelling, re- 
ticulation and obliteration of the subcu- 
taneous fat line are the characteristic soft 
tissue changes. The ballooned-out effect on 
the remaining cortical shell produced by 
the expanding neoplastic mass is not seen 
in osteomyelitis. 

In all 6 of the reported cases and in about 
half of those found in the literature, the pri- 
mary malignancy has been in the lung."? 

The striking rarity of metastases in the 
peripheral bones, in spite of the frequency 
of osseous involvement in carcinomatosis, 
may be related to the usual mechanism of 
hematogenous spread. Primary malignan- 
cies commonly erode veins and venous 
transport of malignant emboli to the capil- 
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larv filter beds of the lungs or liver can oc- 
cur.! The communications of the vertebral 
venous plexus permit, in addition, the 
deposition. of these tumor emboli in the 
axial skeletal structures. * The more pe- 
ripheral bones, however, as not share in 
this sluggish, reversible system of venous 
anastomoses, and even with extensive 
metastatic involvement of the axial skele- 
ton the peripheral bones are rarely affected. 
Venous erosion by a pulmonary malig- 
nancy, however, may result in the hematog- 
enous transport of tumor emboli to the 
left heart and from there to the systemic 
arterial distribution.!! The arterial dissemi- 
nation of malignant foci in this manner 
could account for the rapid appearance of 
metastases in usual areas (including the 
peripheral osseous structures) not infre- 
quently seen with primary pulmonary ma- 
lignancies. 

This mechanism of peripheral metastasis 
has been pointed out in the past? and the 
autopsy findings in Case vr are evidence for 
this type of dissemination. Similar cases 
with metastases in unusual areas, in addi- 
tion to the phalanges, have been reported.’ 
Experimentally, such widespread metasta- 
ses have been produced in rabbits by the 
injection of tumor cells into the left ven- 
tricle. In these animals the number of metas- 
tases produced in a given organ were pro- 
portional to the blood flow to that organ.'? 
The relatively profuse arterial flow in the 
distal portions of the digits mav explain 
the predilection of these metastases to oc- 
cur in the terminal phalanges. 


SUMMARY 


Peripheral bone metastases are rare, but 
can occur and should be included in the 
differential diagnosis of osteolvtic lesions of 
the hands and feet. Six cases, all associated 
with primary pulmonary malignant neo- 
plasms are reported. 

These lesions may closely simulate osteo- 
myelitis; some differential roentgen fea- 
tures are described. 

The probable mechanism of production 


of these lesions is discussed and autopsy 
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support of this mechanism in one of the 
cases is presented. The tendency of these 
metastases to occur in the terminal phalan- 
ges may be related to the brisk arterial flow 
to the ends of the digits. 


The Christ Hospital 
Cincinnati 19, Ohio 


The author wishes to thank Dr. Benjamin 
Felson for his helpful comments and Dr. Warner 
Peck for the use of Case 111. 
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ONE metastases are not uncommon 
with bronchogenic carcinomas. The in- 
cene of bone invasion varies from 25 to 


2 per cent in some series.? In one series of 
Ten consecutive autopsied cases of bron- 
chogenic carcinoma, there were 27.2 per 


cent with skeletal metastases.! These meta- 
static lesions are classically osteoclastic. 
Some authors do not even consider bron- 
chogenic origin for osteoblastic metastatic 
lesions.” There have been numerous reports 
of bizarre syndromes associated with bron- 
chogenic neoplasms; these include hy po- 
calcemia and hy perc: Icemia, and a variety 
of endocrine disturbances.2:9 

We wish to call attention to a recog- 
nized, but little e appreciated, aspect of meta- 
static bronchogenic carcinoma; namely, os- 
teoblastic bone lesions, of which several 
single cases have been reported. ^ We 
have collected § cases of histologically 
proven osteoblastic metastases from bron- 
chogenic carcinoma. 


REPORT OF CASES 


Case 1. A 37 year old white male entered the 
hospital with a history of severe dyspnea on 
exertion and bilateral sharp chest pains, not 
related to exercise, of 3 months’ duration; there 
was also a 60 pound weight loss and marked 
anorexia during this time. 

Physical examination revealed a chronically 
ill, thin, white male. Vital signs were normal 
except [or a temperature of 100, s? F. Significant 
abnormalities were: tracheal deviation to the 
left, decreased breath sounds over the left 
anterior chest field, and a large, irregular liver 
extending 5 cm. below the right costal margin. 
Small lymph nodes were palpated in the ante- 
rior cervical region. The hemoglobin was 
IC.3 gm. per cent, and the white blood cell 
count 35,000 with an increase in neutrophils. 
The serum alkaline phosphatase was 18.3 King- 
Armstrong units. 

A chest roentgenogram (Fig. 1) showed 


large mass obscuring the left hilus and extend- 
ing peripherally to involve the mid-third of the 
lung. A small pleural effusion was also present. 
The posterior portion of the right fifth rib was 
uniformly sclerotic, and the anterior portion 
showed evidence of destruction. Osteolytic and 
osteoblastic metastases were seen on roentgeno- 
grams of the spine and pelvis. The patient was 
given radiation therapy to the areas of bone 
pain. He continued to deteriorate and expired ร 
months following admission. 

Postmortem examination revealed a primary 
bronchogenic carcinoma of the left upper lobe 
with widespread visceral and skeletal metas- 
tases. The neoplasm was composed of sheets of 
small and closely grouped cells with scanty 
cytoplasm and round or oval hyperchromatic 
nuclei. The bone metastases showed replace- 
ment of the marrow spaces by clusters of ana- 
plastic cells supported by delicate fibrous septa. 
Evidence of new bone formation was present 
dug. 


Case 11. A 44 year old white male entered the 
hospital because of neck swelling, dyspnea, 
weakness, and anorexia of 9 months' duration. 
Physical examination. showed evidence of 
marked weight loss. There was decreased tactile 
fremitus and absent breath sounds over the 
right posterior base. The liver was nodular, 
tender, and enlarged 4 cm. below the right 
costal margin. The laboratory findings were 
noncontributory except for an alkaline phos- 
phatase of 27 King-Armstrong units. 

Chest roentgenograms revealed an irregular 
mass at the right base and suggestive enlarge- 
ment of the right hilar shadow. À roentgeno- 
gram of the dorsal spine showed dense sclerosis 
of the spinous process of T3 and increased 
density of the left side of the bons of T4, in- 
cluding the pedicle (Fig. 3). He expired 2 
months after admission. 

Postmortem examination revealed an ana- 
plastic carcinoma of the right lower lobe with 
metastases to the liver, adrenals, lymph nodes 
and vertebrae. The bone metastases showed 
nests of closely grouped neoplastic cells in a 


* From the Departments of Medicine, Radiology and Pathology, Veterans Administration Hospital, Brooklyn, New York. 
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Fic. 1. Case Ia Primary. bronchog 
on left. Osteoblastic metastasis to right posterior 
fifth rib (arrows). 


loose fibrous stroma. There was evidence of new 
bone formation about the tumor cells. 


mitted to the hospital with an 8 week history of 
anorexia, weight loss, and severe upper ab- 
dominal pain not related to food intake. Physi- 
cal examination revealed a thin male appearing 
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chronically ill. The vital signs were normal. 
There was a constant expiratory wheeze heard 
over the right lower lung field posteriorly. The 
liver was enlarged and tender. The laboratory 
studies were normal, except for an alkaline 
phosphatase of 16.4 King-Armstrong units. 

Chest roentgenograms revealed a mass in the 
superior segment of the right Jower lobe with 
enlargement of the homolateral hilus. Examina- 
tion of the spine disclosed diffuse, nonhomo- 


(Vig. 4). 

The patient was given several courses of 
nitrogen mustard, but his condition deterio- 
rated rapidly, and he expired 8 months after 
admission, 

Postmortem examination revealed a primary 
bronchogenic carcinoma of the right lower lobe 
with widespread visceral and skeletal metas- 
tases. The neoplasm presented a variable 
histologic picture with areas of definite adeno- 
carcinoma, The histology of the metastases, 
including that of the bones (Fig. 5), was similar 
to that of the primary lesion. 


Case 1v. This 48 year old white male entered 
the hospital because of sticking pain in the chest 
of 3 weeks' duration; there was also marked 
dyspnea, fatigabilitv, and anorexia of several 
months’ duration. Physical examination re- 
vealed a well nourished male in no acute dis- 


Case 1, Photomicrograph of bone metastasis showing sheets of tumor celis. 


The bone trabecula is thickened by apposition of new bone (X126). 
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tress. The breath sounds were decreased over 
the upper two-thirds of the right lung. Rectal 
examination revealed a normal sized prostate. 
The laboratory findings were normal except for 
the alkaline phosphatase level which was 24.4 
King-Armstrong units. The acid. phosphatase 
level was normal. 

Roentgenograms of the chest showed a right 
parahilar mass with confluent patchy infiltra- 
tion in the right upper lobe. A right para- 
tracheal soft tissue mass suggested lymph node 
metastases. The diaphragm was elevated on 
the same side. Extensive osteolytic and osteo- 
blastic metastases were seen in the spine, pelvis, 
ribs and shoulder girdles (Fig. 6, Æ and B). 

An exploratory thoracotomy disclosed an 
infiltrating mass in the superior segment of the 
right lower lobe with invasion of the adjacent 
chest wall and mediastinal structures. Biopsies 
of the lung and pleura were taken during this 
procedure and showed adenocarcinoma (Fig. 7). 





Fic. 3. Case 11. Osteoblastic metastases to spi- 
nous process of T3 and body of T4. 
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Fic. 4. Case mi. Osteoblastic metastasis to 
body of Tre. 


At a later date a bone biopsy from the iliac 
crest revealed fibrosis of the marrow spaces. 
The fibrous tissue was diffusely infiltrated 
with neoplastic glands (Fig. 8). Needle biopsy 
of the prostate gland showed normal histologv. 


This patient expired, but permission for autopsy 
was not granted. 


Case v. This 61 year old white male was ad- 
mitted to the hospital because of severe dvspnea 
of several months’ duration. Physical examina- 
tion revealed markedly emphysematous lungs 
with inspiratory and expiratory wheezing bi- 
laterally. There were no breath sounds over the 
lower left lung field posteriorly. The fingers 
showed moderate clubbing and marked cvano- 
sis of the nail beds. The remainder of the ex- 
amination and the laboratory findings were 
noncontributory except for an alkaline phos- 
phatase of 36 King-Armstrong units, and a 
serum acid phosphatase level of 4.1 Guttman 
units. The chest roentgenograms showed a 
homogeneous opacity obscuring the lower half 
of the left lung field, which consisted of a mass 
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Fic. z, Case ut. Photomicrograph of bone showing 
is a bone trabecula capped with newly f 
in the lower lobe plus a pleural effusion. A bone 





survey revealed multiple discrete and coales- 


cent nodular osteoblastic in rhe spine, 
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Postmortem examinat 
sronchogenic carcinoma of the left lower lobe 
with metastases to the liver, spleen, adrenals, 
and lymph nodes. The primary lesion in the 
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Fis. 7. Case rv. Photomicrograph of pleural biopsy showing marked fibrous thickening and infiltration 


by variously shaped neoplastic glands (X 120). 


J 


lung was composed of epithelial cells arranged DISCUSSION AND CONCLUSION 

in variously shaped glandular structures, The - . | e 
bone metastases showed areas of marrow re- The primary purpose of this EON US 
placement by fibrous tissue containing neo- Cation is to report § cases of osteoblastic 
plastic glands. metastases from primary bronchogenic car- 





Fic. 8. Case iv. Photomicrograph of iliac bone biopsy showing elongated neoplastic glands in the 
marrow spaces, Note the apposition of newlv formed bone causing widening of the trabeculae (120), 
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Fic. 9. Case v. LA) Nodular osteoblastic metastases to pelvis. (5) Nodular osteoblastic metastases 
to lumbar spine, 


cinoma. Of these, 2 were anaplastic and 3 
were adenocarcinoma, Although adenocar- 
cinoma of the lung constitutes only about 
13 per cent of all primary bronchogenic 
carcinomas,® this type has been most fre- 
quently associated with osteoblastic metas- 
tases. 

The roentgenologic appearance of the 
bone lesions in Cases 1v and v is worthy of 
note. These lesions are indistinguishable 
trom those due to metastases from prostatic 
cancer. In Case v, malignancy of the pros- 
tate was excluded post mortem bv gross 
and microscopic examination, Postmortem 
examination was not performed in Case 1v, 
but a primary carcinoma of the prostate, 
though not completely excluded, was con- 
sidered unlikely based on the following find- 
ings: (4) normal size, shape and consistency 
on repeated rectal examination; (b) normal 
histology of the prostatic biopsy; (c) nor- 
mal levels of serum acid phosphatase on 
two occasions; and (d) similarity of the 
lesions encountered in the pleuropulmonary 
and in the bone biopsies. In addition, the 
gross appearance of the lung tumor at ex- 


ploratorv thoracotomy was that of a pri- 
mary rather than of a metastatic lesion. 


Jerome Dubowy, M.D. 
Department of Radiology 
Veterans Administration Hospital 
800 Poly Place 


Brooklyn 9, New York 
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PENDYMAL tumors are usually clas- 

sified with the glial neoplasms of the 
nervous system. They arise in those sites 
where ependymal cells normally occur; the 
lining of the ventricular system, the central 
canal of the spinal cord and the ventriculus 
terminalis in the conus medullaris. In addi- 
tion, many clusters of ependymal cells are 
found in the filum terminale and at or near 
points of fusion of the angles of the ventri- 
cles. The purpose of this paper is to analyze 
the case histories of a large number of pa- 
tients with primary intracranial ependymo- 
mas in order to evaluate the effect of sur- 
gery and radiation therapy upon the course 
of this disease. Spinal cord ependymomas 
seen at the New York Neurological Insti- 
tute have been previously evaluated and 
are not included in this report.” 





REVIEW OF LITERATURE 


Among large series of intracranial glio- 
mas, the incidence of ependymomas has 
varied from approximately 2 per cent? to 9 
per cent.? The average age of 126 patients 
with intracranial ependymomas in the 
study of Mabon ef a/." was 23.4 vears; thus 
emphasizing their predominance in early 
lite. Indeed, the supratentorial ependy- 
moma is considered by some to be the most 


common cerebral hemispheral glioma of 


children.!3% 

Ependymomas usually grow slowlv and, 
as with other relatively benign neoplasms, 
the prognosis is in a large part dependent 
upon the location of the tumor. In various 


series approximately 60 per cent of intra- 
cranial ependymomas have been infraten- 
torial in location.2: 838 Most of the tumors 
arise 1n the midline in the fourth ventricle. 
They often fill the fourth ventricle and 
frequently. project extraventricularlv into 
the cisterna magna. Extension about the 
upper segments of the cervical cord is rela- 
tivelv common, while spread into the cere- 
bellopontine angle, into the central canal of 
the spinal cord and into and through the 
aqueduct of Sylvius occurs less frequently. 
The growth of supratentorial tumors is 
often bv expansion toward the centrum 
semiovale rather than into the ventricular 
cavity.” Ringertz and Reymond!’ found 
that more than half of their supratentorial 
tumors were visibly unrelated to the ven- 
tricles. Unlike infratentorial ependvmomas, 
those in the cerebral hemispheres often 
are partly or extensively cystic. 

Three histologic forms of ependymoma 
cellular, epithelial and papillarv—have 
been defined. Although one architectural 
type may predominate, most frequently the 
cellular variety, manv of these tumors con- 
tain representations of more than one type. 
In view of this and because of the failure 
of other investigators! and ourselves!” to 
find any correlation between the histologic 
varieties of ependymomas and their bio- 
logic behavior, we have not classified our 
cases in this fashion. 

There is controversy as to whether papil- 
loma of the choroid plexus is a fourth tvpe 
of ependymoma or a separate tumor. We 
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Lic. 1. Diagram showing age distribution of 70 
patients with intracranial ependymomas. 


recognize choroid plexus papillomas as 
neoplasms distinct from ependymomas; 
hence, thev are not included in this report. 


MATERIAL AND CLINICAL FEATURES 


A review of surgical neuropathology 
records from the Neurological Institute 
from 1943 to 1960 vielded 65 cases of intra- 
cranial ependymomas. Five additional pa- 
tients seen between 1930 and 1943 were 
brought to our attention by virtue of 
autopsv records or tumor recurrence in 
recent vears, Pathologic material was avail- 
able for review in 63; in the 7 remaining the 
original pathology report was used. 
Eighteen had supratentorial and §2 infra- 
tentorial tumors. One was lost to follow-up 
immediately upon discharge from the hos- 
pital. The remaining 69 were followed either 
to the present time or to the patient’s 
death. All were followed for more than 3 
years. Fifty-nine patients were available tor 
a follow-up of longer than 5 years. Forty- 
five of these had infratentorial tumors 





six were followed for 10 years and 12 for 
more than 20 vears. 


AGE 
The average age of all patients when 
first seen was 16.4 vears, with a range of 4 
months to 66 vears. Patients with supra- 
tentorial tumors had an average age of 18.8 
vears, while the average age of those with 
infratentorial tumors was 15.4 vears. Fig- 
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ure I shows the age distribution of these 
patients, Usually, r5 years of age 1s taken 
as the dividing line between children and 
adults; thus, 54 per cent of the ependymo- 


mas occurred in the pediatric age group. 


SEX 


While the total group of tumors was al- 
most equally divided between men and 
women, 36 and 34 respectively, 12 of the 
18 supratentorial tumors were seen in 
women; 30 of the £2 infratentorial tumors 
occurred in men. 


SYMPTOMS 


The average duration of symptoms 
associated with supratentorial ependy- 
momas prior to diagnosis was 7 months 
with a range of 2 weeks to 3 years. Symp- 
toms were primarily dependent upon the lo- 
cation of the lesion and usually consisted of 
headache, seizures and visual disturbance. 

Patients with infratentorial tumors most 
frequently presented with symptoms of 
increased intracranial pressure such as 
vomiting, headache or decreased visual 
acuity. However, nearly one-fifth presented 
with complaints of either vertigo or loss of 
balance. The average duration of symptoms 
in the infratentorial group was g months 
with a range of 2 weeks to 2 years. Of 
interest is the fact that patients with intra- 
tentorial tumors found to be grossly in- 
vasive at surgery had symptoms for an 
average of 5.4 months, whereas patients 
with tumors which were not grosslv in- 
vasive had an average symptom duration of 
11.0 months. 


LOCUS AND GROWTH 


All 18 supratentorial neoplasms were 
grossly related to the ventricular system, 
but the major growth of Io was into the 
cerebral white matter rather than towards 
the ventricular cavity. 

The tumor masses varied in size from 3 
cm. to ro em. There was not any favored 
ventricular site of origin, except for a 
slight predilection for the third ventricle 
(Fig. 2). Third ventricle ependymomas may 
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be more common than is apparent from 
these figures, for tumors in this location 
are frequently treated by a ventricular 
shunt and irradiation rather than bv a 
direct surgical attack on the tumor.? 

The 52 infratentorial tumors comprised 
74 per cent of the cases in this series. This 
high proportion of infratentorial ependy- 
momas has been noted by others.?545 All 
of the tumors arose in the fourth ventricle. 
Only 4 tumors were limited to the fourth 
ventricle at the time of initial exploration; 
36 had grown into the cisterna magna. Of 
these, 16 extended below the foramen mag- 
num into the cervical subarachnoid space; 3 
had also grown into the cerebellopontine 
cisterns. Eighteen tumors appeared grossly 
invasive as noted by the surgeon; 13 had 
invaded the cerebellar vermis and/or hemi- 
spheres and 5 had invaded the brain stem. 

The frequency of seeding from intra- 
cranial ependymomas to the spinal sub- 
arachnoid space has not been completely 
clarified. Russell and Rubinstein!? consider 
such spread to be a rare event. Svien ef al.” 
in a study of spinal cords from 19 patients 
with intracranial ependymomas found sub- 
arachnoid implants in 6. None of these had 
given clinical evidence of their presence. 
However, others have recorded occasional 
cases of spinal cord compression from such 
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implants.” 


ing has often followed operation, this is by 


uw 


lic. 2. Diagram showing location of intracranial 
ependymomas in 70 patients. 
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Tase Í 
DIAGNOSES OF SURGICAL BIOPSIES—- 
SUPRATENTORIAL TUMORS 

Ependymomas p 

Grades I and H 9 

Grades IH and IV 4 

Ependymoma with Astrocytoma 

Ependymoma with Oligodendroglioma g 
Total 1g 


cranial spread has rarely been reported fol- 
lowing operation. ® !2:15.20.% 


years after treatment of his primary fourth 
ventricle tumor. His initial treatment con- 
sisted of a partial resection followed by 
2,000 r in 13 days to the tumor bed and 
2,600 r in 34 days to the entire spinal cord. 
No autopsy was performed. . 

Twelve spinal cords from patients who 
had intracranial ependymomas were exam- 
ined. In no case was metastasis from the 
primary ependymoma found. 


PATHOLOGIC MATERIAL 


Seventy-one surgical biopsies from 63 
patients with intracranial ependymomas 
were reviewed and graded? prior to learning 
the duration of postoperative survival, 
response to radiation, or the gross charac- 
teristics of the tumor (Tables 1 and 11). Our 
data suggest that those tumors, whether 
supratentorial or infratentorial, which con- 
tain histologic features of increased biologic 
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DIAGNOSES OF SURGICAL BIOPSIES—~- 
INFRATENTORIAL TUMORS 





Ependymomas 4T 
Grades I and H 26 
Grades HH and IV 1$ 

E pendymoma with Astrocytoma S 

Ependymoma with Oligodendroglioma O 

Total 48 
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activity (Grades 3 ¢ y 
more apt to have a poorer 5 xm 
the more benign appearing tumors (Grades 
1 and 2). However, in many instances, the 
grades correlated very poorly with the 
subsequent course of the disease and even 
patients with tumors that were essentiallv 
similar had vastly different survival times. 
We have been unable to find any histologic 
criteria that would allow one to predict 
which ependymoma would respond to irra- 
diation and which would not. Conse- 
quentlv, we feel that in most cases the 
histologic appearance of the tumor is of less 
importance in estimating prognosis than 
other factors.!^ 

Twentv autopsies were performed on 
patients with intracranial ependy momas. 
In 6 patients examined at various times 
after radiation therapy, there was no evi- 
dence of radiation necrosis outside the 
borders of the tumor. These patients had 
received 2,000 r to 4,000 r in 3 to 4 weeks. 


METHOD OF TREATMENT 


Surgery was performed on 65 patients. 
The surgical procedure usually consisted of 
a partial resection of tumor with removal of 
from 10 to go per cent of the tumor mass. 
Where this did not relieve the cerebrospinal 
fluid block, a shunt was performed. In no 
instance did the surgeon believe that he had 
accomplished a total removal of the tumor. 
In a few instances the patient's condition 
dictated a more limited procedure. Surgery 
in these patients was limited to a biopsy 
and shunting procedure. Twelve had more 
than one operation. In 8 the secondary 
procedure was a shunt revision. Four had a 
second partial removal of tumor from 1 to 
1 ๐ years following initial operation. 

All but one of the patients who did not 
die in the postoperative period were treated 
by irradiation. Treatment was started as 
soon as the operative wound was healed, 
usually ¢ to 10 days after surgery. 

Prior to 1953 the method of treatment 
was basically that formulated by Dyke and 
Davidoff? This consisted of 2 to 3 short 
courses of orthovoltage roentgen therapy 
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spaced 1 to 4 months apart. The quality of 
radiation var ried TE a nae value layer. at 
0.95 to 1.2 l 

using 200 Ky ENE rays with, 5 ๆ mm. 
copper and 1 mm. aluminum added filtra- 
tion. The target skin distance for all treat- 
ments was 5o cm. Patients were treated 
dailv. The quantity of radiation delivered 
at each treatment was 200 r measured in 
alr. 

Generally 3 fields were used. Some pa- 
tients were treated with 6 or 8 cm. circular 
ports, while others had rectangular fields 
ranging in size from 6X6 to 8X10 cm. On 
some, a combination of circular and rec- 
tangular ports was used. The area treated 
was designed to cover the site of the tumor 
as determined from roentgenographic and 
surgical findings. Radiation was given to 
one or two fields per day. 

Since 1953 the method of treatment has 
consisted oi a single protracted course of 
orthovoltage roentgen therapy. The treat- 
ment plan is to deliver a tumor dose of 
4,000 1 in 4 oo or eee r in 6 weeks. 


Eon schedule. Fifty | pera cent of 
the adult dose is used for infants of 1 year of 
age, 75 per cent of the adult dose for chil- 
den of ç years and an adult dose for chil- 
dren of 8 vears or older. The quality of 
radiation varied from a half value laver of 
1.5 to 3.7 mm. Cu. The greater half value 
layer PM obtained bv using 250 kv. radia- 
tion with the added filtration of Thoreus 11 
filter. A target skin distance of ço cm. was 
used in all cases. Only the tumor site is 
treated. The size of the treatment fields is 
similar to those described above. 

If there is no evidence of a cerebrospinal 
fluid block the initial tumor dose 1s 75 r. 
This dose is increased by 25 r per day until 
the patient is receiving a daily tumor dose 
of 165 r to 200r. 

Patients with increased intracranial pres- 
sure are more difficult to treat, for the ini- 
tial reaction to radiation frequently further 
elevates the already high intracranial pres- 
sure. The initial treatment varies from 25 r 
to £o r tumor dose depending on the pa- 
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tient's condition. This is increased by 25 r 
each day to a tumor dose of 165 r to 200 ห 
dailv. Careful clinical assessment of the 
patient's status 1s of utmost Importance. 
Any changes that indicate increasing intra- 
cranial pressure necessitate a further pro- 
traction of the radiation build-up. Occa- 
sionally, treatment will have to be discon- 
tinued and surgical decompression by a 
shunting pr ocedure performed before ade- 
quate radiation therapy can be given. 

Patients with radioresponsive tumors 
usually show clinical improvement by the 
end of the course of therapv. It is not un- 
usual for patients destined to have a good 
result to complain of morning nausea and 
vomiting for up to a vear after treatment. 
This should not be misinterpreted as indi- 

cating a failure of treatment or a recurrence 
of tumor. 

Patients were retreated as the need arose. 
The retreatment tumor dose was usually 
1,800 r to 2,000 r in from 2 to 3 weeks. One 
patient received a total tumor dose of 8,000 
rin IO years, and another 16,000 r in I4 
years. In neither of these cases was there 
any clinical evidence of radiation damage 
to the central nervous system. 

Some authors®?!!4 recommend that 
ependymomas be treated in the same man- 
ner as medulloblastomas, 7.e., radiation 
ther apy to the entire central nervous sys- 
tem axis. Bouchard and Peirce! do not 
advocate prophylactic treatment of the 
spinal cord. Only 4 of our cases were so 
treated. Interestinglv enough, one of these 
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RESULTS OF OTHERS 

ไว Ree and Reymond,'® surgery 

Supratentorial Tumors—21 patients: 15 per cent 

§ year survival; average survival, 2 vears 
operative mortality; 17.5 per cent 5 year sur- 
vival; average survival, 13 months 

Bouchard and Peirce! (12 cases), surgery and 
radiation therapy 

75 per cent 3 year survival 

58 per cent § year survival 

so per cent IO year survival 
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PATIENTS STILL ALIVE 


Years Surviving No. of Patients 


< 3 a 
QU 3 
5 ue -10 n 
>10 7 
Total 14 


treated cases was the only patient in the 
series to develop a spinal cord implant from 
his primary disease. 


RESULTS OF TREATMENT 


Ringertz and Reymond!’ report a fol- 
low-up of $4 patients with M E 
ependymomas (21 supratentorial and 3: 
infratentorial), who were treated bv sur- 
gery alone. The supratentorial group had 
local recurrence in 7 of 21 patients. The § 
year survival rate was 15 per cent and the 
average survival was less than 2 years. The 
infratentorial group had a 50 per cent 
operative mortality. The remaining 15 
patients had 6 local recurrences. The over- 
all 5 year survival rate was 17.5 per cent, or 
35 per cent of those surviving surgery. The 
average survival was 13 months (Table 11). 

Bouchard and Peirce’ reported 12 epen- 
dvmomas that were treated bv surgery and 
irradiation. Seventv-five per cent of these 
patients were alive after 3 vears, §8 per cent 
were alive after 4 vears and go per cent 
after ro years (Table mm). 

In our series 4 patients died before any 
tvpe of treatment could be started and 13 
patients died postoperatively. We have 
considered any death occurring within 1 
month of surgery as a postoperative death. 
Thirty-six patients succumbed to local 
recurrence of tumor. One died of spread to 
the thoracic spinal cord and 1 died of bron- 
chogenic carcinoma. Fourteen patients are 
still alive at the time of this report (Table 
iv). 

The average survival from time of diag- 
nosis was §.2 years with a range of 1 month 
to 26 years. Patients with supratentorial 
tumors survived an average of 2.8 years, 


TasLEe V 
SURVIVAL FROM TIME OF DIAGNOSIS 
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Years No. of Years No. of 
Surviving Patients Surviving Patients 
« 1 $209 « 1 18(6) 
te 36 Ix TI 
Fs 19 35 6 
$—10 15 5-10 2 

>10 13 >19 ๐ 


The number of operative deaths included are noted in pa- 
rentheses. 
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Fifty-nine patients were followed for a 5 
vear period from the time of diagnosis. 
Seventeen, or 28 per cent, were alive at the 
end of that time. If postoperative deaths 
and untreated cases are eliminated the 5 
year survival rate is 41 per cent. Thirty- 
three per cent of patients with infraten- 
torial tumors and 14 per cent with supra- 
tentorial tumors survived more than § 
years. Eliminating postoperative deaths, 
the per cent surviving increases to 45 and 
22 per cent respectively (Table v1). 

Of the 36 children in this report, only 9, 
or 26 per cent survived longer than 3 years. 
picea of 33 adults, or 45 per cent, sur- 
vived longer than 3 vears. 


It is of interest Mato 7 patients who sur- 
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vived for more than 10 vears subsequently 
died of local recurrence of tumor. One pa- 
tient was asymptomatic for 24 vears follow- 
ing initial surgery and minimal radiation 
(goo r) only to die of local recurrence of 
posterior fossa tumor. 

Survival of itself is of little value. It is 
only worthwhile if the patient is a useful 
individual. The functional state of patients 
surviving for more than 1 vear following 
treatment was carefully evaluated and the 
patients were divided into 4 groups: (1) 
Excellent. Patient asymptomatic. Neuro- 
logic examination negative or only minimal 
deficit elicited by the examiner. (2) Good. 
Mild neurologic deficit, but patient func- 
tions well. (3) Fair. Moderate neurologic 
deficit. Patient’s activities are curtailed, 
but he can do limited work and is capable of 
partial o care. (4) Poor. Severe neurologic 
deficit. Needs care from others. The func- 
tional state of patients surviving more than 
1 year is shown in Table vir. As can be seen, 
patients with infratentorial tumors were 
considerably more intact than patients 
with supratentorial disease. 

Two illustrative case reports are pre- 
sented in brief to document the value of 
radiation therapy in some patients with 
intracranial ependvmoma, particularly to 
emphasize the value of retreatment when 
symptoms of recurrence appear. 
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FIVE YEAR SURVIVAL FROM TIME OF DIAGNOSIS 


All Cases 

All Surviving Surgery and Receiving Radiation 

All Infratentorial Tumors 

Infratentorial Cases Surviving Surgery and Re- 
ceiving Radiation 

All Supratentorial Tumors 

Supratentorial Cases Surviving Surgery and Re- 
ceiving Radiation 





Per Cent 
Surviving 

59 L7 28 

41 17 41 

45 15 33 

33 15 

I4 2 1 

9 2 22 
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month history of vomiting, headache and 
dizziness. A suboccipital craniotomy was per- 
formed and a $ em. mass was found filling the 
fourth ventricle and obstructing the aqueduct 
of Sylvius. Approximately 20 per cent of the 
tumor was removed and the obstruction to the 
cerebrospinal fluid pathway was relieved. Post- 
operatively, 
radiation therapy for a total estimated tumor 
dose of 2,500 r to the posterior fossa in 2 months. 
Twelve years later he developed severe head- 
aches and ataxia. An estimated tumor dose of 
1,500 r in 3 weeks was given to the posterior 
fossa. His symptoms cleared several days fol. 
lowing completion of therapy. Three years 
later he was readmitted with headache and mild 
ataxia. He received 700 r in 2 weeks to the 
posterior fossa and again his cleared. 
He returned approximately ! year later com- 
plaining of marked gait difficult a vertigo. 
He was retreated with 1,000 ท in 3 weeks to the 
posterior fossa with no apparent response and 
died 7 months later, approximately 16 years 
from his initial treatment. 


Case No. 277121. A 20 year old man was ad- 
mitted to another institution with a 6 months’ 
history of vomiting. A suboccipital craniotomy 
was performed and a 4 cm. mass was found to 

hll the fourth ventricle. Nearly all of this was 
removed and the obstruction to the cerebro- 
spinal fuid pathway was relieved. Postopera- 
tively, he was treated with an estimated tumor 
dose of 3,000 r in 21 days to the posterior fossa. 
Six years later he was admitted to the Neuro- 
logical Institute complaining of imbalance and 
vomiting. These symptoms cleared completely 
following an estimated tumor dose of 2,000 r 
in 14 days to the posterior fossa. Two vears 
later he returned complaining of headache and 
vomiting. Another tumor dose of 2,000 r in L4 
days was administered to the posterior fossa, 
and again his symptoms cleared completely. 
One vear later he returned complaining of gait 
imbalance. This time a tumor dose of 2,200 rin 
20 days was given to the posterior fossa, and 
once again his symptoms cleared. Three vears 
later he again returned complaining of im. 
balance. Sv mptoms cleared following a tumor 
dose of 1,500 r in to days. One vear later he re- 
turned เก ศศ ท ร of ES and dysarth- 
ria. He was re-explored. A small amount of 
tumor was removed an a ventriculopleural 
shunt was performed. Postoper ativelv, he re- 
ceived a tumor dose of 3,300 r in 23 davs to the 
posterior fossa. He improved only moderatelv 
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and gradually went downhill and died 3 years 
later. This patient survived a total of 17 years. 


DISCUSSION 


The § year survival rates in this series are 
better than those reported by Ringertz and 
Reymond'* in their group of patients who 
were treated by surgery alone. Further- 
more, the high operative mortality in their 
series may have eliminated many advanced 
cases which would have further lowered 
their survival figures (Table rm). In our 
studv there was no significant difference in 
the survival of patients treated by the 
multiple course method compared with 
those treated by a single protracted course 
irradiation. However, a survey of the pa- 
tients' clinical records seemed to indicate 
that patients receiving a single protracted 
course of treatment had a quicker regres- 
sion of symptoms and more frequently 
completed a full course of therapy than 
those treated by multiple series. We see no 
need to abandon the present mode of treat- 
ment. 

There seems to be a great variation in the 
response of ependymomas to radiation. 
Some patients were aided remarkably by 
radiation. therapy; others did not receive 
any apparent benefit. The reasons for this 
are unknown. We could find no histologic or 
clinical criteria which would allow one to 
predict which ependymoma will respond to 
radiation therapy and which will not. 
Theretore, we believe that all patients with 
intracranial ependvymomas should have 
postoperative radiation therapy to the site 
of the tumor. 
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DEFINITION OF SURGICAL STAGE OFINFRATENTORIAL 
EPENDYMOMAS 








Tı Tumor limited to 4th ventricle ae 

T2 Tumor has extended outside the 4th ae 
into, but not beyond, the cisterna magna 

T3 Tumor has extended beyond the cisterna magna; 
the usual extension is to the cervical subarach- 
noid space, but may be to the cerebellopontine 
cisterns 

T4 Tumor is grossly invading the cerebellum or 
brain stem regardless of the size of tumor 

M Distant metastases 


—-— 


Patients whose tumors have shown a 
good response to initial treatment should be 
retreated with a tumor dose of from 1,500 r 
to 2,000 r whenever symptoms warrant. 
The danger inherent in regrowth of tumor is 


far greater than that of damage to the’ 


normal brain from repeated radiation treat- 
ments. 

In this study none of the 12 spinal cords 
examined at autopsy showed any evidence 
of a metastatic implant. This is 1n marked 
contrast to the group of Svien ef al”! 
wherein 6 of 19 spinal cords showed meta- 
static deposits. Only I patient in our series of 
7 ๐ cases had clinical findings suggestive of a 
spinal cord metastasis from an intracranial 
ependymoma. None of the 19 patients of 
Svien ef a/. had any clinical findings to 
suggest spinal cord disease. 

Although there is room for argument 
regarding the true incidence of spinal cord 
implants, there seems to be no question 
that clinically significant spread is quite 
rare. Inasmuch as the rationale for treat- 
ment must be based upon clinical findings 
and not on autopsy data, we see no reason 
for treating the entire central nervous sys- 
tem axis as a prophylaxis for possible spinal 
cord metastases. 

The prognosis of a patient with a slowly 
growing supratentorial tumor such as an 
ependymoma is to a large degree influenced 
by the location of the tumor. The duration 
of symptoms as well as the resectability of 
the tumor varies greatly depending upon 
the site of the lesion. An attempt to corre- 
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late survival with various parameters is 
subject to considerable error. 

Infratentorial ependymomas, on the 
other hand, all arise in a common location; 
thus it is possible to attempt to correlate 
survival with pathologic-clinical parame- 
ters. The duration of symptoms prior to 
seeking medical aid probably reflects, in 
large part, both the rate of tumor growth 
and its invasiveness. There is a good corre- 
lation between duration of symptoms and 
survival of patients with infratentorial 
ependymomas. Generally, the longer the 
duration of symptoms prior to diagnosis, 
the longer the survival. 

The curerate of many tumors outside the 
nervous system has been related to clinical 
or operative staging based primarily upon 
the local extent or invasiveness of the tu- 
mor. Ín most cases such staging has been 
shown to be superior to histologic grading 
as a means of predicting survival.* Tt has 
been possible for us to divide infratentorial 
ependymomas into groups representing the 
extent of the neoplasm (Table vur). The 
classification of infratentorial ependymo- 
mas in this manner offers a more reliable es- 
timate of prognosis than any clinical or 
pathologic criteria. A study of factors in- 
fluencing the prognosis of intracranial epen- 
dymomas 1s the subject of another publica- 
tion? 

CONCLUSIONS AND SUMMARY 


Seventy case records of intracranial 
ependymoma have been reviewed. This 
tumor occurs most frequently in young 
people; slightly more than one-half of the 
patients in this series were children. 

The prognosis is worse in children than in 
adults. Patients with supratentorial tumors 
have a poorer prognosis and generally have 
greater neurologic deficit than do patients 
with infratentorial ependymomas. 

Surgery followed by radiation therapy to 
the tumor site offers a greater chance of 
cure than surgery alone. Retreatment of a 
recurrent tumor may add many useful 
years to the patient's life. There is no valid 
reason to subject the entire central nervous 
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system axis to prophylactic irradiation. 
There appears to be a direct relationship 

between the duration of symptoms prior to 

surgery and the survival of patients with 

infratentorial ependymomas. This would 

suggest that the rate of tumor growth or its 

invasiveness greatly influences survival. 

Surgical staging of infratentorial ependy- 

momas based on their extent and invasion 

of surrounding brain is the most valuable 

prognostic criterion available. We propose 

that all posterior fossa ependymomas be 

classified in this manner. 

Irvin L Kricheff, M.D. 

Department of Radiology 

Division of Neuroradiology 

N. Y. U..Bellevue Medical Center 

New York 16, New York 
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AN AFTER-LOADING SYSTEM UTILIZING CESIUM 137 


FOR THE TREATME? 
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T IS axiomatic that for many a radiation 

therapist, fulfillment cannot be realized 
until he has designed his own applicator for 
the treatment of carcinoma of the cervix. 
Happily, the vagina, even in a diseased 
state, will accommodate an almost infinite 
varietv of shapes and configurations of 
devices, and, provided good clinical judg- 
ment is used and radiation dosimetry is 


indulge his whims and fancies for ovoids, 
cvlinders, kidney shapes, boxes, “colpo- 
stats," ratchets, springs, spacers, detach- 
able handles, ete., in the knowledge that by 
so doing he does not jeopardize the pa- 


tient's chances for cure. Few claims are 
made that any individual applicator has 


anything to do with the cure rate for cervi- 
cal cancer; it is generally agreed, however, 
that radiation dosimetry is of paramount 
importance in this regard. A review of 
results reported from major centers in 
America and other parts of the world! 
reveals a trend towards improved survival 
and decreased morbidity over the last 2 to 3 
decades, due in part to technical improve- 
ments in therapy. The over-all 5 year cure 
rates now reported vary between 35 per 
cent and zo per cent, and despite the fact 
that treatment techniques may be widely 
different, no clear advantage is apparent for 
any particular method of treatment. Such 
differences as exist in reported cure rates 
are certainly attributable to factors other 
than the type of radium applicator used: 
they may be related to the quality and 
selection of case material, to minor differ- 


ences in clinical staging from one institution 
ence and clinical judgment amongst those 
treating the disease. 

A glance through a catalog from one of 
the radium equipment companies* discloses 
that at least 17 different tvpes of cervix 
applicators are offered for sale. Many are 
modifications of the Paris and Manchester 
applicators. No doubt other contrivances 
that have been described are available from 
other agencies or may be obtained by spe- 
cial order. Many more applicators have 
been “home-made” by their inventors or 
built in hospital workshops. It would be 
conservative to guess that there are more 
than 40 different tvpes and modifications of 
cervical applicators in regular use at the 
present time throughout the world. Since 
the superioritv of one piece of equipment 
over another is technical rather than thera- 
peutic, and since there are a great number 
and varietv of appliances already available, 


the introduction of vet another system 
needs considerable justification. 
THE CESIUM 137 AFTER-LOADING SYSTEM 


The merits of the svstem to be described 
can be summarized as follows: 

1. Simplicity and Immediate Availability. 
The applicator (or outer shell) is inexpen- 
sively constructed of semi-soft vinyl plastic 
(polyvinyl chloride, PVC); it is pre-packed, 
sterilized and ready for immediate use at 
any time. It is used only once and dis- 
carded. There is, therefore, nothing to 


m- 


* From the Radioisotope Laboratory and the Department of Radiology, University of Cincinnati College of Medicine, Cincinnati, 


Ohio. 


Based on a preliminary paper read at the Sixty-third Annual Meeting of the American Roentgen Ray Society, Washington, D. C., 


October 2-9, 1962. 


This work was supported in part by the Albertine O. Schoepf Research Fund, the American Cancer Society Institutional Grant IN 76, 


USPHS Grant CRT-zo45 and USPHS Grant RH-2-o-36-2003. 
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prepare, nothing to clean up and nothing to 
be put away after use. 

2. Flexibility. Vhe applicator is designed 
to adapt to almost any anatomy, large or 
small. It can be used where there is vaginal 
narrowing or distortion by simply paring it 
down to size and shape with a scalpel or 


It can, in fact, be "custom tailored" to the 
neoplasm. The actual design of the equip- 
ment described herein is quite arbitrary and 
represents a compromise between the wri- 
ter's prejudices (H.H.) and the financial re- 
sources available to him for development. 
The applicator is modeled on the Paris tvpe 
but its configuration could be changed in 
almost anv way without detracting from 
the over-all principles of the treatment 
system. If desired, the applicator could be 
constructed to give a set of constant repro- 
ducible geometric arrangements as pre- 
ferred by some workers.’ 

3. Minimization of Radiation. Exposure 
loaded”; it is also (1f the term is allowable) 
"before-unloaded." Specially designed 
sealed cartridges* containing Cs! sources 
are permanently kept within a mobile lead 
safe which need only weigh about roo 
pounds, and which serves both as storage 
unit and transport unit. Exposure to the 
radiation therapist and other personnel is 
considerably reduced bv virtue of the mo- 
bility of the cesium safe; in fact, exposure 
associated with handling and transporta- 
tion of inadequately protected radioactive 
handles the sources for a total time of about 
2 minutes (loading into and unloading from 
the applicator within the patient) and both 
of these operations are performed at the 
bedside. 5 
sure in the operating room, there is no need 
for any special protective equipment in 
this area. 

More subtle marginal advantages accrue 
from the after-loading principle. Firstly, 


* Throughout this paper the word "cartridge" refers to a per- 
manently sealed assembly containing one or more radioactive 
sources, 
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the outer shell can be inserted into the 
patient at the time of the initial biopsy and 
examination under anesthesia betore histo- 
logic confirmation of the disease 1s avail- 
able. As soon as malignancy has been con- 
firmed the device can be loaded with the 
radioactive sources. Secondlv, where there 
is a difference of opinion between the gyne- 
cologist and the radiotherapist as to which 
of them should carrv out the intracavitary 
therapy, "after-loading" allows for a divi- 
sion of labor, whereby the gynecologist can 
insert the device (outer shell) and the radio- 
therapist can prescribe and carry out the 
actual treatment by inserting and with- 
drawing the radioactive sources. Since most 
gvnecologists are familiar (or can become 
so) with the simple principles involved in 
positioning intracavitary devices, this divi- 
sion of labor arrangement could prove 
highly satisfactory in situations where 1t is 
appropriate. 

A. “Customized” Dosimetry. The present 
svstem lends itself either to individualiza- 
tion of treatment or to a standard univer- 
sally applicable system of dosimetry. A 
number of different radioactive source load- 
ings are available and if required, loadings 
can be biased to one side or the other. In 
addition, sources can be changed at any 
time during the course of treatment or 
withdrawn after different time periods 
without disturbing the applicator. Thus it 
is possible after the beginning of treatment 
to revise the whole dosimetrv, to fraction- 
ate or to bias the dose in anv desired fash- 
ion. On the other hand, if a standard tvpe 
of dosimetry is required, this presents no 
difficulty. 

$. Elimination of Cleaning, Sterilizing 
and Other Manipulation of the Source Car- 
tridges. The cartridges, when in use, are 
completely enclosed within the applicator 
and thus do not come in contact with the 
tissues of the patient. They should never 
get soiled except accidentally, do not re- 
quire sterilizing, and should not need to be 
opened or otherwise manipulated over a 
period of many years. Special provision 
need not therefore be made for heat or 
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steam sterilization’ or for "cold" steriliza- 
tion (which is never quite satisfactory). 
There is in fact little or no use tor a Radium 
Room in so far as cervical intracavitary 
treatment is concerned. 

6. Easy and Effective Radiation Protec- 
Hon. The use of cesium 137 (as opposed to 
radium or cobalt 60) simplifies the problems 
of radiation protection both inside and 
outside the patient, without in any way 
compromising the treatment. Whole body 
dose to the patient is slightly less with 
cesium 137, especially if lead shields are 
incorporated in the applicator. This ds 
other aspects of protection for cesium 13 
will be discussed in more detail below. 


ADVANTAGES OF CESIUM 137 
FOR INTRACAVITARY USE 


Cesium 137 is an abundant fission prod- 
uct. It is inexpensive and is obtainable 
in a highly purified form.’ Methods have 
been developed for physically trapping 
the isotope in a chemically inert me- 
dium? #4152935. and thus former problems 
of containment of Cs? due to its peculiar 
physical characteristics and its tendency to 
leach, have now been overcome. The decay 
scheme for Cs™ is shown in Figure 1 The 
beta emissions are gg per cent a bsorbed by 
an 0.5 mm. stainless steel wall (which is 
used for source encapsulation); only the 
monoenergetic 660 kev gamma rays are 
utilized for therapy. 
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The long half life of Cst? (for present 
purposes this is taken to be 26.6 vears*) 
compares favorably with that of Co9? (5.3 
years) which is its closest artificially pro- 
radioisotope rival for intracavitary 
e. It is estimated that the usetul life of a 
set de Cs'?? sources is in the neighborhood of 
16 vears, at which time some of them will 
need to be replaced. Using Cs™ sources, a 
treatment which originally requires a § dav 
application, would, using the same sources 
16 years later, require approximately a 74 
day application. A time correction chart tor 
a 16 year period is shown in Figure 2. At the 
end of some arbitrary time, say 10-154 
vears, a set of sources can be brought back 
to about their original level of activity bv 
exchanging those of lower denomination for 
new high activity sources. 


Correction factor (Semi log scale) 





Time in years 


g5CS TIME CORRECTION CHART 
1 ๒ = 26.6 YEARS 


Fic. 2. The activities of a set of Cs? sources are ex- 
reseed in "mg. radium equivalent." For clinical 


purposes, the dose is calculated as for radium, but 
in order to allow for the slow decay of Cs®*, the 
calculated time of application must be increased 
somewhat according to the age of the sources. 
After 4 vears, for instance, the time of application 
must be increased by a factor of approximately 1.1. 


* Radiological Health Handbook, U. 5. M M of 
Health, Education and Welfare, Washington 36. De Cs Sept 
1960 p. 333- 
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COMPLETE SET OF CESIUM 137 SOURCES FOR AFTER-LOADING CERVIX APPLIC ATOR 


"600 me (approx.). 
ก Cost ar (E quivalent Amount of Radium ( 


ts 
en 


The initial cost for a complete set of 
sources for treatment of cancer of the cervix 
is about half the cost of a similar set of 
radium sources (Table 1), 
course, more permanent, but radium 
sources may occasionally require re-encap- 
0 and re-cali bra ation at considerable 

F y become more eco- 
a than cesium 137 after about 40 
vears. However, it is ficult to anticipate 
the requirements for intracavitarv treat- 
ment of carcinoma of the cervix 40 years 
hence. 

Small amounts of lead incorporated in 
the applicator will provide good attenua- 
tion of the 660 iid gamma rays us thus 


bladder if FOR IS เก ด (Eu 18). A lead 
disk 1 cm. in diameter and s mm. thick 
represents almost 1 half value laver for 
cesium 137 gamma rays and adds little 
weight to the applicator. Protection outside 
the patient for nursing personnel, etc. is 
similarly very effective. Methods for pro- 
tection in the wards for radium have been 
well described? 5535 and similar principles 
are used to much greater advantage for 
cesium 137. It can be calculated from avail. 
able data? ‘that a bedside lead screen 1 inch 
thick (Fig. 3) will transmit about 6 per cent 
of the cesium 137 gamma ravs as compared 
with about 22 per cent of radium gamma 
ravs. Actual measurements around the 
bedside of patients show that the screen is, 
for practical purposes, about twice as effec- 
tive for cesium 137 as for radium, partly 


| mg.) in suitable 


Radium is, of 





is mm mme utes น 
U nits PS §, Foe, 


because of the contribution ก to the 
measured values (Fig. 4 and 35). Y Jordan 
Model AGB-16KG.SR as ev Meter was 
used for these measurements. 

Stora ige and transportation of Cs! 
sources 1s extremely simple. The permanent 
storage unit for about 700 mc of C s! need 
not weigh more than 100 pounds and serves 
also as a transport unit for wheeling to the 
patient’s bedside (Fig. 13). Some data 
concerning the transmission in lead for 
radium and cesium 137 gamma rays are 
shown in Figure 6. | 





Fic. 3. The lead screen is 24 inches long, 20 inches 
high and t inch thick. Together with the support- 
ing frame and casters, it weighs about 250 pounds, 
but is quite easy to move. It is constructed so that 
an extra thickness of lead could be added if re. 
quired; however, for Cs! the 1 inch screen gives 
excellent protection (see Figure ร 5 and text), 
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Fic. 4. A comparison is shown of the levels of radia- 
tion for bo mg. radium and the equivalent amount 
of cesium 137 around the bed of a patient under- 
going intracavitary therapy for carcinoma of the 
cervix. The measurements were made using à 
masonite phantom. The distance from the patient 
in feet is indicated on the diagonal line. 


Cesium 137 sources are intrinsically 
safer than similar radium sources and do 
not entail manv of the hazards associated 
with the latter.? There is no radon inhala- 
tion hazard and since the Cs? containing 
material (see below) is of considerable 
density and has no tendency to become 
airborne, there is little risk of inhaling the 
radioactive material itself. Helium gas 
buildup can occur within radium capsules 
and may be responsible for their rupture; 
there is no alpha emission from cesium 137. 
The Cs? is combined in a ceramic material 
(see below) and in the event of a "spill" due 
| to breakage of a capsule, contamination is 
comparatively easy to deal with, since the 
Cs! js trapped within a dense inert powder 
of large particle size. Even in the unlikely 
event that the material is ingested, it will 
not be absorbed or metabolized and is 
eliminated in the stools.? Thus, the wide- 
spread contamination which is known to 
occur when a radium capsule ruptures due 
to its contents becoming airborne is not a 
problem with Cs" incorporated in ceramic. 
Radium contamination, on the other hand, 
mav be extremely difficult and enormously 
expensive to clean up.” 
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THE AFTER-LOADING PRINCIPLE 


The principle of after-loading is no longer 
new,5.22.23.24,25,37,38.12,4.36/7. One of its main 
purposes is to reduce radiation exposure to 
the operator. Basically, it consists of the in- 
troduction into the tissues or the body cav- 
ities of an inactive "shell" or set of guides 


time. The advantages of this technique are 
obvious. The sense of urgency in the oper- 
ating room, due to handling of “hot” 
sources, is eliminated. Loadings can be 
precalculated at leisure based on roentgeno- 
orams of the empty applicator in the pa- 
tient, and can be customized to the tumor. 
Handling time for the radioactive sources is 
reduced to a minimum. Ideally, there 
should be no need to prepare or load source 
carriers before the procedure and no need to 
unload or to disassemble them afterwards. 

To be logical, the after-loading concept ts 
not fully exploited unless some attention is 
given to "before-unloading" in order to 
avoid the considerable amount of work that 
mav beinvolved and the radiation exposure 
that may be incurred when a radioactive 
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Fic. 4. The situation is the same as in Figure 4; how- 
ever, a 1 inch lead screen is placed at the bedside. 
The measured values indicate that the screen 


ret 


ipated, but scatter contributes considerably to the 
radiation levels in the “shadow” of the screen. 
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device is removed from a patient, disassem- 
bled and the sources cleaned or soaked and 
subsequently put away in the safe. It 
should, therefore, be as easv to withdraw 
the active sources from the applicator 
within the patient as it is to insert them, 
and if they have not been soiled or contami- 
nated in use they can be transferred di- 
rectly from patient to storage sate without 
any additional handling. The empty “shell” 
can then be unhurriedly removed from the 
patient, and if disposable, there is nothing 
to clean, sterilize or prepare for subsequent 
use. 


DEECGCESDIUM Lig SOURCES 


+; 

Cesium 137 is in the form of "3M Radi- 
ating Microspheres."* Grossly ก ก al 
appears as a milkv white powder ( (Fig. 7) 
and microscopically as small spherical 
particles (Fig. 8). The microspheres are 
available 


in carefully graded sizes from 
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Vic. 6, A comparison of transmission of radium and 


cesium 137 gamma rays in lead is shown (adapted 
from data by C. B. Bragstrrup and H. O. Wyck- 
OFF, published in 19587). The three thicknesses 
chosen às examples are: 3/16 inch representing 
the lead shield within the appl icator for the pro- 
tection of the rectum or bladder (top right), 1 inch 
representing. the thickness of the be dude lead 
shield and lead screen, and ๆ cm. representing the 
minimum wall thickness for the cesium 137 
storage safe. 


* Minnesota Mining and Manufacturing Co: mpany, Nuclear 
Products Division, St. Paul, Minnesota. 
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EG 
which for present purposes incorporates Cs!?, is a 


"3M Radiating Mic rospheres. "The material, 


coarse heavy powder. A 1 inch domestic pin is 
shown for comparative size, 


organic 2s inorganic 2 including 
concentrated acids or alkalis. Aqua regia at 
100° C. or higher has little effect on the 
material,” and less than one part per billion 
is soluble j in salt water or dilute acid. The 
absolute density of the microspheres 1 1S 3 
gm./cc. (bulk density about 2 gm./cc.) and 
the melting point is 1,500? C. The radiation 
stability is such that เท excess of one 
billion rads cause no visible ch; ange and no 
decrease in the retaining power of the ce 
ramic material for isotopes. " hing is, n 
practical purposes, negligible. 

A great variety of isotopes can be incor- 
porated in the microspheres at almost any 
desired level of activity and the experimen- 
tal and clinical uses for these unique 
isotopic materials are now being ex. 
plored i9 bao Specific activities for Cs! 
up to 1 ๐ c/gm. of ceramic are possible, and 

thus the material is idez Uv suited for use in 
needles and tubes for interstitial and intra- 
cavitary therapy. 

The sources developed for the cervix 
treatment svstem are all of standard size 
and shape (Fig. 9). Thev are cylinders of 
external length. of 1 em. and of external 
diameter of 3 mm. The construction and 


a 





Fic. 8. Photomicrograph of the ceramic microspheres. 
When used as described in the text, the particles 
are about £o microns in diameter, 

dimensions of the sources are shown in 

cupy a evlindrical volume 6 mm. long by 2 

mm. diameter at the geometric centers of 

the sources. À stainless steel plug seals the 

capsule and is soldered in with a silver 
brazing alloy. 

The sources are contained in long flexible 
cartridges of different loadings. The sources 
are arranged longitudinally at the distal 
ends ot the cartridges, 1n some cases sepa- 
rated by hollow stainless steel balls which 





Fic. 9. The external appearance of two cesium 137 
sources is shown together with a 1 inch domestic 
pin. They are of stainless steel, 1 cm. over-all 
length and 3 mm. outside diameter. 
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act as spacers (Fig. 11). The major length 
of the cartridge consists of automobile 
speedometer cable (which has been tound to 
give about the right degree of flexibility) 
and the outer enclosure is a braided metal 
mesh tubing of the type found in electrical 
cable. There is a short stainless steel rod, or 
handle, at the inactive end which carries a 
code of grooves radiologically visible, and in 
addition carries a color code, which identi- 
fies the Cs loadings within each cartridge. 
A total of $ such cartridges of identical 
over-all length gives a selection of different 


loadings (from 20 mg. to 60 mg. radium 


equivalent) and different active lene ths 
(from 2 cem. to g.§ cm.) to correspond with 
different lengths of uterine cavity. There is 
also a choice of 15 mg. or 20 mg. radium 
equivalent sources at the tips of slightly 
shorter cartridges for the vaginal portion of 
the applicator (Fig. 12). 

The g cartridges required for the treat- 
ment system are assembled by the source 
manufacturers and are not again disturbed 
or disassembled until such time as they 
have decaved below useful values. Together 
with the mobile storage safe, they form the 
only permanent part of the treatment sys- 
tem. The cartridges slip very easily in and 
out of the disposable plastic applicators 
which are positioned in the patient. 

The lead sate is shown in Figure 13. It is 
designed to accommodate the total of g 
cartridges and is basically a solid cvlindrical 
block of lead about 6 inches in diameter 
cast in a stainless steel outer tube. The cen- 
ter of the cylinder is drilled longitudinally 
to accommodate the g cartridges. The hid is 
fitted with a lock; the unit is mounted on a 
small cart on casters and is very easy to 
move about. Lock-up storage space 1s pro- 
vided on the cart for handling instruments, 
such as long-handled forceps, etc. The dose 
rate at the surface of the cart (when it 1s 
fully loaded with 750 me of Cs?) is less 
than 3 mr per hour. In order that the design 
and manufacture of the safe would be as 
simple as possible and in order that radia- 
tion protection would be more than ade- 
quate, generous amounts of lead were used 


VoL, 91, No, 1 


and the safe was found finally to weigh 150 
pounds. With refinements in design it 
should be possible to reduce this weight to 
something less than 100 pounds. 


THE DISPOSABLE PLASTIC APPLICATOR 


lt is emphasized again that the design of 
the applicator is arbitrary. For the equip- 


ment to be described, we have adapted the 
basic shape of the Paris vaginal colpostat 
for atter-loading. It was not considered 
necessary to evolve an entirely new design, 
nor to attempt to reproduce in plastic anv 
of the more complex applicators, although 
this could have easily been accom plished by 
molding processes. The applicator we have 
developed is made from the following inex- 
pensive and universally available compo- 


nents: 5 pieces of vinvl* tube (2 different 
sizes); 10 small disks of vinyl (3 different 
sizes); 3 short vinyl rods; 8 lead disks, 4 


inch diameter, 3/32 inch thick (sometimes 
not used); and 2 specially shaped steel 
springs (sometimes not used). 

The value of the components is negligi- 
ble; however, the actual price of an assem- 
bled applicator, which is based mainly on 


2 mm: depth of plug 


10 mm l l 
Inner dimension 


2x6 mm 


(Containing Cesium'?? 
Microspheres) 


Wall thickness = 0.5mm 
End wall 2mm 





—»- 3mm พ -- 


Fic. 10. Construction of cesium [37 sources. The 
capsule is made of stainless steel and the plug is 
sealed with silver brazing alloy. Since very high 
specifie activities are obtainable in the ceramic 
microspheres, almost anv level of activity that 
could conceivably be required for intracavitary 
use can be contained within the small inner cylin- 
drical volume. 


* Polyvinyl chloride (PVC), 
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Fio. 11. Typical source "cartridge" (intrauterine 
type). The whole unit we have called a "cartridge." 
The word "source" is reserved for the t em. long 
stainless steel evlinder containing the radioactive 
material. The appearance and inner construction 
of a tvpical cartridge are shown, The unit is perma- 
nently sealed so that sources cannot be removed. 

The over-all length of all cartridges for intrauter- 
ine use ig 1 1 inches and those for intravaginal use 
8$ inches. The speedometer cable makes the whole 
unit very flexible in every direction, The construc- 
tion allows for recovery of the original straight 
form and will not allow the sources to come out of 
alignment within the cartridge. At its distal end, 
the cartridge is extremely flexible and can be bent 
sharply to a right angle or more. In addition to the 
code of grooves on the handle, a color code is also 
used for identification purposes. 


tooling and labor costs, will depend on the 
quantities produced. If 100 complete appli- 
cators are specially manufactured from the 
above components, the price per item works 
out at about 32.20. Mass production would 
considerably reduce this figure, which, in 
any case, is quite trivial in relation to the 
over-all cost to the patient or to the institu- 
tion of an intracavitary treatment for carci- 
noma of the cervix, 

Figure 14 shows the assembled applica- 
tor. It is normally packaged in a sealed 
polyethylene bag, or in some form of steri- 
lizer tubing such as "Weeck" tu bing or 
"Rapitube" and is best sterilized bv ethyl- 
ene oxide gas. The central uterine tube, 
because of its wall thickness, will adapt to 
different positions and flexions of the uterus 
without occlusion or appreciable loss of 
lumen due to kinking. Even when this tube 
is Hexed at a right angle, the ca rtridge con- 
tuning the sources will readily negotiate 
the bend without binding or jamming. If 
desired, this central tube can be made of a 
more rigid material which, when inserted, 
will tend to hold the uterus in a more verti- 
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Fic. 12, Cesium 137 sources for treatment of carcinoma of the cervix (after-loading applicator). The con- 


struction of the complete set of cartridges 1s shown diagrammatically. 












Each rectangular box represents a 


cylindrical source of outside measurements 1 cm. long and 5 mm. in diameter. The amount of radioactivity 
in each source is coded in this diagram by a system of dots. The large black spots within the cartridges rep- 
resent hollow stainless steel balls acting as spacers (bead chain). The hatched areas represent speedometer 
cable. Loadings in mg. radium equivalent are s shown at the top of each cartridge. The overall active lengths 


are also indicated. 


cal position. The plastic collar is a friction 
ft on the outside of the tube and can be 
moved up and down to adapt to ditterent 
len ths of uterine cavitv. The collar is 
perforated so that it can, if desired, be 
sutured to the cervix. After the radioactive 
cartridge is introduced, the distal end of the 
tube is sealed by a solid vinyl rod, which is 
dipped in s solvent (cv clohexanone), and 
slipped into the end of the tube. The rod 
welds firmly and rapidly to make an ex- 
tremely strong watertight joint. When the 
source is to be removed the tubing is cut 
with scissors. Should it be necessary to 
change the source during a period of treat- 
ment, the tubing is severed, the source 
removed, and the replacement source is 
then retained by means of a small vinyl cap 
sealed onto the cut end of the tube with the 
same solvent. 

The vaginal portion of the applicator 
consists of a pair of short evlinders sepa- 
rated by two removable stainless steel 
springs. A vinyl tube leads from the center 


of each cylinder to the outside. When the 
source cartridge 1s introduced, the actual 
source (dimensions of active volume — 6 
mm.x2 mm.) locates at the geometric 
center of the cylinder. Lead disks (2 mm. 
total thickness—approximatelv 1 half value 
laver for Cs!) are built into some of the 
cylinders on both the anterior and posterior 
aspects of the source. Other cylinders are 
made with lead at one end onlv and others 
are made without lead. The choice of 6 ylin- 
ders for any particular case depends on 
whether it is designed to protect the rectum 
or bladder (or both or neither). In practice, 
a choice is made between the three differ- 
ently shielded tv pes of vaginal applicators 
and the appropriate sterile package is se- 
lected. Where there is insuficient space to 
take advantage of the springs (for separa- 
tion of the cylinders) these can be dis- 
carded. Should there still be insuficient 
space at the vaginal vault, the cylinders 
can be pared down to size with a scalpel 
(Fig. 15). The evlinders (including lead 
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disks), springs and uterine tube are all 
considered disposable. Figure 16 shows 
diagrammatically the loaded applicator in 
position in a patient. 
DOSIMETRY 

There has been little or no experience to 
date with the interstitial or intracavitary 
use ot I แน SUE gamma ray 
y Au 
ae many oe NUS. i ee 
considerable experience 
Cs as cr Teletherdpy source, agent 
Although their gamma ray energies ditter 
from one another, the isotopes mentioned 
above are not considered to have any sig- 
nificant biologic difference (RBE), and 
dosimetry schemes for them have been 
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TE 
and 
de accom amodat the cartridges are beveled at 
the top to allow for easy insertion and withdrawal 
with forceps. Each bevel is color coded to corre- 


Te mobile cesium 137 lead safe is simple 
in construction, Long vertical. holes 


e me 


"ว 7 it 


spond with che d accom 0 Jd 
code, with full information about active leng 

strength of ก ete., ก 0 w um d 0 
chart for Cs, are kept in or on the cart. The unit 


as shown weighs about 120 pounds. 
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lic. 14. The complete assembled disposable applica- 


tor is shown containing source cartridges in 2 of 
the 3 tubes. Each tube is sealed bv dipping the 
small solid plastic rods in cyclohexanone Gn the 
bottle), and bv shipping them into the ends of the 
tubes. W elding occurs rapidly and firmly. At the 
bottom of the photograph, a complete applicator is 
shown in a plastic bag, sterile and ready for use. 
The springs, of course, are discarded if there is in- 
sufficient space at the vaginal vault to warrant 
their use. 


freelv adapted from the standard concepts 
of radium dosimetry. It would seem reason- 
able, therefore, to make similar "conces- 
sions” for Cs" since its gamma rav energy 
falls somewhere in the middle of the energy 
range for this whole group of isotopes. 
From a clinical point. of view the scope of 
intracavitarv therapy is the treatment of 
the primary lesion and its immediate exten- 
sions. There is, in fact, some evidence to 
suggest that for Stage 1 and Stage 11 cases, 
this treatment alone. mav be sufficient? On 
the other hand, once the disease has ex- 
tended far out into the pelvis to approach 
or reach the lateral pelvic wall, intracavi- 
tary therapy will not provide adequate dose 
to the whole tumor. The emphasis then 
shifts to external therapy and intracavitary 
treatment becomes supplementar. = 
With modern supervoltage equipment or 
with Co** teletherapy, adequate dosage can 
easily be delivered RR the entire 
pelvis and thus compensate for any defi- 





Fic. 1s. There is a choice of 3 different types of 
vaginal cylinders for the colpostat. From above 
down in the photograph they are: (1) with $ mm. 
lead on either side of the source for rectal and 
bladder protection; (2) with ¢ mm. lead on one 
side of the source for protection of the bladder or 
rectum; and (3) with no built-in lead. At the 
bottom of the photograph, an applicator has been 
pared down on one side (by means of a scalpel) to 
illustrate that this equipment can be fitted where 
there is diminished space in the upper vagina. 


ciencies laterally in dose level from the 
intracavitarv sources. The importance, 
therefore, of a small difference between 


# 





Fic. 16. Diagrammatic representation of the loaded 
applicator 75 sit within a patient. The solid black 
rods represent the source cartridges. The positions 
of the actual sources have not been indicated; how- 
ever, the solitary vaginal sources are at the geo- 
metric centers of the evlinders and the active 
length of the intrauterine source corresponds to the 
distance from the external os to the uterine fundus. 
In the lateral view, protective lead disks are shown 
both anterior and posterior to the vaginal sources. 
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cesium 137 and radium dose at the lateral 
pelvic wall is minimized or eliminated. 
Because in the Cs! treatment system 
described, the basic disposition of the 
sources within the pelvis is orthodox, dosi- 
metric considerations will. be similarly 
orthodox. The vaginal sources have a small 
active volume (6mm, long cvlinder X 2mm. 
diameter) compared with standard radium 
tabes, but this will not significantly affect 
dose distribution within the pelvis. Theoret- 
ic calculations have been made to estimate 
tre magnitude of the dosimetric difference 
between Cs' and radium in tissue. In 
equilibrium with its daughter products 
radium has a complex spectrum of high and 
low energy gamma rays; however, the 
somewhere in the region of o.8 mev. (Table 
11). If this is compared with the monoener- 
getic 0.66 mev. emission of Cs’, the follow- 
ing calculations can be made: 


Izal) =radium intensity at distance x em. 
lox) = cesium 137 intensity at distance x cm. 

(assuming equal curiage of each) 
Tape H 


PRINCIPAL GAMMA LINES FOR RADIUM AND ITS 
DECAY PRODUCTS SHOWING RELATIVE PERCENTAGE 
OF EACH ENERGY EMITTED 





Energy (mev.) 

0.18 0.5240 
O.241 5.0218 
0.294 11.2664 
0.350 19.6506 
0.607 a 30 
0.766 2.8584 
0.933 2409255 
1.120 8.09956 
Dun 2.7511 
1.379 2.7945 
Lo: [1.26604 
2.198 e E 

Total 100.0000 


120.781 mev, (weighted average radium y energy). 
‘Adapted from Jouns, H. E. The Physics of Radiology. 


Charles C Thomas, Publisher, Springfield, HL Second edition, 
15561, p. 459.) 
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Fic. 17. Measurements for "equivalent" radium and cesium 1 37 Sources are compared. Although the sources 
were identical in activity, their actual dimensions and construction differ and this accounts for some of the 
differences seen in the readings. Measurements in air at various distances from the sources show negligible 


differences. Measurements in water show that the d 


E 


ose rates from cesium 137 (under the conditions of meas- 


H 


urement) are slightly less than those from radium. It can be seen that in water the 3/16 inch lead shield 
gives about 20 per cent better protection for cesium 137 than for radium at distances close to the shield. At 
greater distances there is less difference in the degree of protection afforded, mainly because of scatter. At 
the top right the ratio of dose rates behind the lead shield for cesium 137 and for radium is shown for 


various distances up to 1 ๐ cm. 


eT AR 


ว Í Ra (x) OX. SS 
x 


exse 

Les (x) EE NE : 
where Ara and Ac, = linear coefficients of absorp- 
tion for radium and cesium 


137 respectively in water, 


Expressing this as a ratio: 


I Ri 
— (x) = ๕ (ล ต ร า ว พั 0 ๒ 
ร Cg 


Taking the following values? for Ac, and 
À Ra 


Acs = 0.073 cm. = 


Àna —0.0711 em.” : 


the equation may be solved for x as follows: 


i Ra. bass 
W h e n A m 5 cm is ER 5 } = e UDÍ NL { O I 5 
Us 


Thus it can be seen that for comparable 
point sources of radium and cesium 137 ats 
cm. distance in a tissue equivalent medium 
radium gives about 1 per cent greater dose. 
At 8 cm. this difference is somewhat larger 
(4 per cent). By a similar approach, Jones?’ 
using data of Goldstein and Wilkins" calcu. 
lates that the difference at 8 cm. is § per 
cent. Jones and Stacey?? using highly re- 
fined instrumentation made measurements 
of dose distribution in water around radium 
and cesium 137 tubes of similar construc. 
tion and external dimensions, and found 
that in the equatorial plane doses were 
identical (within the limits of experimental 
error) at distances of up to 8 cm. 

Our own measurements differ onlv 
slightly from those of Tones and Stacey 0 
possibly due to the different instrumenta- 
tion. Our equipment consisted of an anthra- 
cene crystal (3 mm. diameter X 3 mm. long) 
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Vic. 18. Cesium 137 measurements in water Illus- 
trating the effect of a lead disk (3/10 inch thick 
and 1 em. diameter) at various distances up to 10 
cm, lt can be seen that in clinical use such a shield 
can afford considerable dose reduction to the 
rectum or bladder. 


located at the end of a stainless steel tube 
and attached via a lucite light pipe to a side 
window photomultiplier tube. Measure- 
ments were made in a tank of water and 
dose rates were recorded with a rate meter. 
Minor sources of error in a system such as 
this include energy dependence of the GPS 
tal, some filtration of the low energy scat- 
tered photons by the stainless steel tube 
and some slight response of the light pipe to 
irradiation. 

The results of our measurements are 
presented in Figures 17 and 18. A solitary 
source was supported in the center of the 
tank and measurements were made at 
various distances for radium and cesium 
137. Additional measurements were also 
made using a lead shield, 3/16 inch thick 
and 1 cm. in diameter, held a few milli- 
meters from the source. Initially, a series of 
measurements were taken of dose rates 
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from comparable radium and Cs sources 
at various distances in air and water. Al- 
though these sources were comparable in 
strength, they were not identical in. their 
construction and their active lengths dit- 
fered slightly. The ratio of Cs"* dose to 
-adium dose can be seen to be unity in air 
at distances of up to 8 cm. In water, how- 
ever, there is a somewhat greater attenua- 
tion of the Cs™ radiation, but this only 
amounts to a few per cent and is probably 
insignificant from a clinical point of view 


(Fig. 17). The extent to which the § mm. 
lead shield is effective for Cs? in water 1s 


shown in Figure 18. 

Bv drawing isodose lines around Ce 
sources of known radium equivalency (data 
taken from measured values) composite 
isodose curves can be constructed showing 
the radiation distribution in the coronal 
plane around an idealized implant. Such a 


distribution is shown in Figure 19 and 





98765243210 


cem 


Fic. 19. Cesium 157 1sodose lines in water phantom 


with the Paris tvpe loading. The figures are in r 
/ hr. This is an idealized situation and all sources 
and isodose lines are in one plane. It can be seen 
that with this source arrangement for 7,000 r at 
Point A, the Point B dose would be about 1,900 r. 


Vor. gt, No, t Cesium E37 
Points A and B have been indicated to 
show the magnitude of dose fall-off from 
the paracervical region to the region of the 
lateral pelvic wall. Good separation of the 
vaginal sources has been allowed in con- 
structing these curves. 


A complete svstem is presented for the 
intracavitarv treatment of carcinoma of the 
cervix using cesium 137 instead of radium 
and incorporating several novel features. 

The svstem uses an after-loading device 
which is disposable, and which can incor- 
porate effective lead shielding for the rec- 
tum and/or bladder. The onlv permanent 
equipment is a small mobile lead safe con- 
tuning sealed source cartridges, and thus 
the armamentarium required for carrying 
out the treatment is minimal and relatively 
inexpensive. Moreover, special facilities 
such as a Radium Room with all its asso- 
ciated equipment are not needed. Sterile 
packages of disposable plastic applicators 
can be purchased as required. The method 
is thus quite suitable for use in smaller 
hospitals where perhaps the case load is not 
great, and space and monev are limited. 

Some aspects of Cs! for intracavitary 
use are discussed and some preliminary 
data and calculations on Cst dosimetry are 
presented. 

The principal virtues of the svstem de- 
scribed are that it is inexpensive, easy and 
flexible in use, and that it reduces to an 
unprecedented minimum both work and 
radiation exposure for therapist, techni- 
clans and nurses. 


Harry Horwitz, M.D. 
Radioisotope Laboratory 
Cincinnati General Hospital 
Cincinnati 29, Ohio 
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AN ANOMALOUS LYMPHOCYTE: POSSIBLY 
DIAGNOSTIC FOR EXPOSURE TO 
IONIZING RADIATIONS OR 
RADIOMIMETIC AGENTS* 


By ROBERTS RUGH 


NEW YORK, NEW YORK 








N A previous studv,?* it was shown that 

bi- and trinucleated lymphocytes may 
be seen in the peripheral blood of normal, 
unirradiated mice and are not appreciably 
altered in their incidence following whole 
body x-irradiation even to 300 r. It was also 
shown that while relatively large cyto- 
plasmic inclusions (nuclear satellites or 
fragments) in the lymphocytes of these 
mice were never seen in (13,000 lympho- 
cytes of) normal, unirradiated mice, they 
did appear after whole body x-irradiation 
and continued to appear in the peripheral 
blood for 8 weeks in from 0.2 to 1.5 per cent 
of the leukocytes. The incidence of these 
cytoplasmic inclusions was not high. They 
have never been known to appear in the 
normal blood of anv vertebrate. They have 
been reported in the early hematologic 
literature by Schwarz? in 1885. More re- 
cently, authors have described cytoplasmic 
inclusions in the blood of a few human cases 
of accidental x-irradiation exposure. 
38.41.45 They are considered as a nomalous 
lymphocytes,” and may be similar to 
x-irradiation caused nuclear debris.? Their 
presence may be useful as a diagnostic 
accessory to determine that whole body 
x-irradiation has been incurred. A study 
was planned to determine the incidence of 
these nuclear satellites or inclusion bodies 
following various increments of controlled 
whole body x-irradiation. The mouse is an 
‘deal form for such a study since it normally 
has a high lymphocyte count, and the 
major part of this report concerns the re- 
sults of this study. 


MATERIALS AND METHOD 

The mice were mature CF1 Swiss white 
strain which has been used in this labora- 
tory for many years. Females alone were 
used in the earlier part of the study since 
they are known to be more radioresistant 
than the males, and in order to eliminate 
the sex variable. However, other CF1 mice 
of both sexes were studied and some were 
placed at 10? C. in total darkness for a 
period of 2 months in order to prov ide an 
unnatural stress factor which might induce 
anomalous conditions in the blood.* 

Pregnant rats, both controls and x-irradi- 
ated (for another project) contributed 
blood for this study. Monkey fetuses were 
available, as well as newborn and adult 
monkevs, some of which were u nirradiated 
controls and others had been exposed to 
x ravs from 4 days to 2 weeks previous to 
the blood sampling. In addition, a variety 
of human fetal and adult material was 
made available. À single human fetus of 3 
months of age had been subjected through 
its mother to 24 mg. of the radiomimetic 
nitrogen mustard. Patients with malignant 
diseases (such as Hodgkin’s disease or 
lymphocytic lymphosarcoma or leukemia) 
and who were being subjected to chemo- 
therapy and/or to x-irradiation were avail- 
able for peripheral blood studies. 

Complete blood cell counts were often 
made but this report will deal specifically 
with the lymphocytes. Percentage values 
are given in terms of total lymphocytes. 
Blood from the mouse or rat was taken 
from the tip of the tail or from behind the 


* From the Radiological Research Laboratory, Department of Radiology, College of Physicians & Surgeons, Columbia University, 


New York, New York. 
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eyeball by means of a capillary pipette. 
l'rom the monkey and human fetuses it was 
taken directly from the umbilical cord, and 
from the adult monkeys and humans from a 
finger. Smears were made in the usual way, 
air dried, and stained with Wright’s stain. 

Since the earlier studv?? had revealed a 
high incidence of these anomalous lympho- 
cytes at about 2 weeks after whole body 
x-irradiation, the initial study was made at 
this postirradiation time but at exposure 
levels of 100r to Soo r (at 100 ห increments). 
Twenty-five females were used for each 
level of exposure and for controls. With this 
large number of animals, the severe lym- 
phopenia following soo r reduced the avail- 
able lymphocytes for study to 1,715. The 
second phase of this study dealt with the 
daily fluctuations in the incidence of these 
anomalous cells, following 200 r and 400 r 
whole body x-irradiation. This study con- 
tinued for 10 weeks. It then became neces- 
sary to determine the minimum whole body 
exposure which would elicit a single lym- 
phocyte with a nuclear satellite, so expo- 
sures were graded from 100 r down to 1o r. 
Finally, 5 females were given soo r whole 
body exposure and examined at hourly 
intervals until the first inclusion bodies in 
lymphocytes appeared. 

The x-irradiation was delivered at one 
time to the experimental animals, in vari- 
ous doses as indicated, but at a rate of 5o 
r/min. The physical properties were: paral- 
lel tubes with cross fire at 72 cm. distance 
from each tube to the center of the body of 
the mouse; filtration o.28 mm. Cu, and 
o.50 mm. Al; 184 kvp.; 30 ma.; and a half 
value layer of 0.6 mm. Cu. 


EXPERIMENTAL DATA 


The number of bi- and trinucleated 
lymphocytes among the control (nonirradi- 
ated) mice varied somewhat from about 2.2 
per cent to 3.7 per cent of all lymphocytes, 
but they were present in every blood smear 
of normal and x-irradiated animals. The 
percentage in the lymph node smears was 
very low, as compared with the peripheral 
blood. Their numbers in the peripheral 
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blood of x-irradiated mice were not signifi- 
cantly increased over the controls. No 
satellites have ever been found in the lym- 
phocytes of unirradiated (control) mice of 
which, in the previous study, some 13,000 
and in this study a total of 9,208 were ex- 
amined. This aggregate of 22,208 control 
lymphocytes without any satellites should 
be convincing. 

Table 1 shows that with increasing levels 
of whole body x-ray exposure the lympho- 
cyte nuclear satellites appeared more fre- 
quently. The sole exception occurred after 
soor, where they appeared more frequently 
in the lymphocytes of the lymph nodes 
than in those of the peripheral blood. The 
lowest level of whole body x-irradiation of 
mice which produced any lymphocytes 
with these inclusion bodies was found to be 
LOT. 

From daily blood sampling of mice ex- 
posed to 200 r and 400 r, it was seen that 
these nuclear satellites appeared at the first 
postirradiation examination at 24 hours 
after exposure but then not again until the 
fifth day. This apparent interruption in 
their appearance may be related to the 
severe and almost immediate lymphopenia 
which follows acute whole body exposure 
coupled with their low incidence. The earli- 
est appearance of nuclear satellites in pe- 
ripheral blood was found to be 12 hours 
after exposure. Prior to this (at 7 hours 
after exposure), clusters of cytoplasmic 
granules, similar in staining properties to 
the larger satellites and the nucleus, were 
found in some lymphocytes (Fig. 10). These 
may be early manifestations of karvor- 
rexis. The peak incidence (1.5 per cent) 
occurred at 13 days postirradiation follow- 
ing 400 r exposure. Since there were daily 
fluctuations in the incidence of these anom- 
alous lymphocytes, the data are presented 
as weekly averages of 15 mice in Table rr. 
Among the 3,538 lymphocytes of the unir- 
radiated controls, no nuclear satellites were 
found, but in every instance and at any 
specific postirradiation weekly period, the 
average incidence was considerably higher 
for the satellites of animals exposed to the 
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higher level of irradiation (400r over 200r). 
Further, with each succeeding week the 
incidence increased to a peak at the fourth 
week, followed bv a gradual decline to 1o 
weeks postirradiation, suggesting again 
that the damage must be to the precursors 
of the formed lymphocytes. 

There were wide fluctuations in the inci- 
dence of the multinucleated lymphocytes, 
with the peak incidence at about 10-12 
davs and again at 6 weeks. The data in 
Table 11 show that there is no consistent 
change in the percentage of these cells with 
increasing levels of exposure, and their 
incidence fell below that of the controls 
during the first, fourth and ninth week. 
With respect to the nuclear satellites, the 
situation 1s quite different. It must be 
emphasized that on certain days the lym- 
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phopenia was so severe that it was difficult 
to find 200 lymphocytes from four smears 
of a single mouse, and when one is dealing 
with incidence of these satellites in the 
range of 0.12 per cent and upwards, it is 
really necessary to locate many cells. For 
this reason, each set of data is taken from 
a minimum of 1,247 lymphocytes. 

It has not been determined whether other 
forms of stress might produce these anoma- 
lous lymphocytes. In examining mice which 
had been born and brought up for 3 months 
in a IO^ C, temperature in total darkness, 
no nuclear satellites were found. 

Blood of forms other than mice was 
available for these analyses. Pregnant rats, 
involved in another study, showed nuclear 
satellites in their lymphocytes only after 
whole body x-irradiation. Percentages were 
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Fic. 1-5. Large inclusion bodies in lymphocytes of CF1 mice following whole body x-irradiation to 200 r or 


more, seen from 24 hours to 8 weeks. 


bic. 6 and 7. Inclusion bodies in mice peripheral lymphocytes 24 hours after 25 r whole body exposure. 
hic. 8 and 9. Inclusion bodies in mouse lymphocytes found after only 10 r whole body exposure. 
Fic. 10. Nuclear fragments found in the cytoplasm of a lymphocyte of mouse peripheral blood 7 hours after 


$00 r whole body exposure. 


lic. 11-13. Lymphocytes with double inclusion bodies in various positions within the cytoplasm in the 


mouse after x-irradiation. 


Fic. 14 and 15. Lymphocytes in which 2 (Fig. 14) and 3 (Fig. 15) protrusions from the nucleus may be seen, 


suggesting possible origin of the inclusion bodies. 


* 


. 16. Large and distinct paired inclusion bodies in mouse lymphocyte following x-irradiation. 


Fic. 17 and 18. Binucleated lymphocytes each with an inclusion body, after x-irradiation of mice. 


;. Ig and 20. Inclusion bodies in lymphocytes found in lymph node smears of x-irradiated mouse. 


Fig. 21 and 22. Inclusion bodies in lymphocytes of peripheral blood from monkey fetus x-irradiated to 400 r 
and delivered 1 week later, and blood sample taken when 1 week of age or 2 weeks after x-irradiation. 
Fic. 23. Double inclusion body in lymph node lymphocyte from monkey x-irradiated as fetus 1 week before 


delivery. Same as in Figure 21 and 22. 


Fic. 24 and 25. Inclusion bodies in umbilical blood from human fetus at therapeutic abortion of patient 


treated only with nitrogen mustarc 
0.96 per cent). 


1 (24 mg.) 2$ months previously. No radiation therapy used (incidence 


Fro. 26 and 27. Lymphocytes from patient LY given a total dose of 1,500 r to mid-thorax showing formation 
of inclusion body (Fig. 26) and distinct body (Fig. 27) (incidence 0.55 per cent). 

Fic. 28 and 29. Lymphocytes from patient G treated with chemotherapy and then with cobalt 60 radiation 
for lymphocytic lymphosarcoma (leukemia). This sample was taken after exposure to accumulated 750 r 
gamma rays in § days from Co (incidence 2.2 per cent). 

Fic. 30-35. Patient S with small cell lymphosarcoma and no previous radiation therapy following so r beta- 
tron roentgen irradiation showing lymphocytes with inclusion bodies (incidence 0.63 per cent of all lympho- 


cytes). 
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not determined. Monkey fetuses of both 
sexes, x-irradiated in utero in a neuropatho- 
logic study and sacrificed at various inter- 
vals after exposure, all showed the presence 
of these anomalous lymphocytes. The levels 
of exposure were 200 r or more directed to 
the fetus, and the time interval was at least 
4 days. A fetal monkey exposed to 4co r in 
utero was delivered a week later and when it 
was I week of age (2 weeks postirradiation) 
blood sampling revealed lymphocytes with 
nuclear satellites (Fig. 21-23). Adult mon- 
keys do not normally have these anomalous 
cells in their peripheral blood. Following 
x-irradiation of only the gravid uterus, 
they were occasionally seen in the monkey. 
A human (male) fetus, subject of a thera- 
peutic abortion at 3 months, had been 
exposed when 3 weeks of age to nitrogen 
mustard (24 mg. nitrogen mustard, intra- 
venously administered’ to the mother for 
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Hodgkin’s disease). This fetus showed 
nuclear satellites to the extent of 0.96 per 
cent of its lymphocytes (Fig. 24 and 25). A 
patient (L.Y.) given 1,500 r over the mid- 
thorax in 10 days in the treatment of meta- 
static carcinoma showed no double or triple 
nucleated lymphocytes but 0.55 per cent of 
such cells had nuclear satellites (Fig. 26 and 
27). A patient (S) with small cell lympho- 
sarcoma and no prior history of irradiation 
or chemotherapy showed no polynucleated 
lymphocytes prior to treatment, but there 
were 2 lymphocytes among 344 with short 
projections but no distinct cytoplasmic 
inclusions. Following ṣo r betatron treat- 
ment, 0.63 per cent of his lymphocytes 
presented nuclear satellites and there was 1 
double-nucleated lymphocyte among 789 
cells (Fig. 30-33). Finally, another patient 
(G) had been given chlorambucil, 6 mg./ 
day for 3 weeks and then 12 mg./day for 1 
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ABNORMAL LYMPHOCYTES FOUND 2 WEEKS AFTER X-IRRADIATION OF ADULT CFI FEMALE MICE* 


Binucleates Trinucleates Nuclear Satellites 
X-Ray Exposure Total Lymphocytes (percent) (per cent) (per cent) 

Controls 

Peripheral 4,3501 J-l 0127 0.0 

Lymph node 1,320 0.6 0.76 0.0 
roo r 

Peripheral 6,000 4.3 0.01 0.15 

Lymph node 406 O27 2.46 0.0 
200 r 

Peripheral 3,275 3.9 O.49 0.3 

Lymph node 972 I.I 0.0 Qu 
300r 

Peripheral 2,875 4.0 0.66 0.76 

Lymph node 820 2.0 0.0 1.30 
400 r 

Peripheral 2,150 4.7 0.84 1.16 

Lymph node 781 13:5 0.0 .90 
soor 

Peripheral 1,715 5.8 9.93 0.99 

Lymph node I59 0.6 0.0 3.10 


* At least 25 female mice were x-irradiated at each dcse level, and two smears made from each mouse. Due to x-irradiation lymph- 
openia, mice exposed to the higher doses yielded few lymphocytes to examine. . 
t Over 22,000 lymphocytes of normal, unirradiated CF1 mice have been examined without finding a single nuclear satellite such as re- 


ferred to here. 
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week prior to cobalt 60 radiation therapy 
at I50 r/day. After receiving some 750r in 
5 days, he showed 2.2 per cent of 359 lym- 
phocytes with nuclear satellites but no 
multinucleated lymphocytes (Fig. 28 and 
29). The diagnosis of this malignancy was 
lymphocytic lymphosarcoma (leukemia). 
The hematologic literature describes such 
lymphocytic nuclear satellites only in ab- 
normal cells? in Chediak’s syndrome for 
acute leukemia of childhood in which some 
of the lymphocytes included, in their cyto- 
plasm, nuclear satellites which were prob- 
ably DNA* and, recently, in several nu- 
clear accidents, 238 
DISCUSSION 

The lymphocytes of the peripheral blood 
are believed to live 6 to 24 hours? and are 
recognized as probably the most radio- 
vulnerable of all cells of the mammalian 
body with the exception of spermatogonia.? 
The relative decrease in lymphocytes (Iv m- 
phopenia) can be equated with the degree 
of whole body exposure to ionizing radia- 
tions,3.10.11.14,15,25,26,30,31,32,34,43,46 This sudden 
decrease in the formed lymphocvtes of the 
peripheral blood appears to be related to 
possible mitotic radiosensitivity, but may 
also be related to direct deaa ción: Thus, 
one can expect an almost immediate de- 
crease in the number of formed lympho- 
cytes in the peripheral blood as a result of 
destruction of their precursors following the 
x-irradiation of any vertebrate. 5? 

Some of the precursors of the mature 
lymphocytes, which survive whole body 
x-irradiation and are found in the hemato- 
poletic organs, may exhibit cvtoplasmic 
and nuclear changes such as pvknosis, 
karyorrhexis, intranuclear and cy toplasmic 
vacuolization, lobulation and possible frag- 
mentation of the nucleus, and the appear- 
ance of cytoplasmic inclusions.12:39.42.43.45 Aq] 
of these cytologic effects have been de- 
scribed for other x-irradiated cells, but the 
lymphocyte and its precursor seem to be 
particularly. vulnerable to ionizing radia- 
tions. 

It has long been suggested that bi- and 
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POSTIRRADIATION WEEKLY AVERAGE CHANGES IN 
ABNORMAL LYMPHOCYTES OF ADULT CFI 
FEMALE MICE* 


Bi- Tri- Nuclear 
- Total nucle- nucle- Satel- 
Week Dose He ME 

Lympho- ates ates lites 
cytes (per (per (per 
cent) cent) | cent) 

Controls 3,538 2,2 0.26 0.0 
1 200r 2,550 I.4 0.20 O.12 
400r 1,678 4.1 ๐ 203 0.50 
2 200r 2,150 245 0.43 O.14 
4O0Or 1,266 4.0 ๐ .61 9:93 
a JO T. 3,507 2 0.52 9.36 
400r 1,766 3.42 6.70 1.07 
4 200r 3,448 He O14 1.00 
400 5 3,192 0.5 ๐ .16 1.90 
5 200 r 1,954 0 ง .45 0.05 0.45 
400 8 1,247 1.28 0.16 ๐ .88 
6 200r 430 cos OVES O.46 
400 f 371! 23 9:27 O.81 
7 | 200r $57. 3340 o.38 0.54 
400 r 382 4.4 1.0 0.78 

8 200 r 466 5.0 ๐ . ๐ O.21 
400 T $39 1.1 0.37 Yd 

9 200 r 869 O.94. 0.2 O.O 
4OO r git 0,24 Ova? QUO 

10 200r $00 6:0 0.0 

4 

400 r $33 227 0.36 0.18 


* At each of the two dose levels, 3 female mice were examined 
daily over the 5 week period, samples of blood being taken from 

2 mice each day with intervalsof a week for the repeated sampling 
rem the same mouse. Following this, analyses were made weekly, 
The above data are total counts at the end of each of to successive 
weeks, 


trinucleated lymphocytes appear 1n persons 
exposed to small doses of ionizing radia- 
e ea RES In Tac t, a very m level 
pe pou fac "d Roe 3 E 
forms." 9 The lymphocytes of nonleukemic 
individuals show a quantitative response to 
only 2 r.“ Such multinucleated lympho- 
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cytes appear normally in the peripheral 
blood of the unirradiated control CF1 Swiss 
mice up to 3 per cent of their leukocytes? 
and the incidence was not appreciably 
changed following whole body exposures up 
to $00 r during a continuing study for 12 
weeks postirradiation. In this study 400 r 
did not elicit any correlating response in 
these cells during 10 weeks. It is doubttul 
that these polvnucleated lymphocytes can 
have much radiation-diagnostic significance 
in CFI mice, since they are always present, 
and their incidence is not affected by whole 
body x-irradiation. 

The lymphocyte cytoplasmic inclusions 
(or nuclear satellites) here reported are not 
to be confused with the small and highly 
refractile cytoplasmic granules first. de- 
scribed by Gall,? which bodies are said to 
occur commonly i in 34 per cent of the un- 
stained lymphocytes. Gall's granules were 
neutral red staining and have been vari- 
ously described as particles, particulates, 
bodies, granules, or inclusions.? They have 
been seen frequently bv others*??? and are 
described in the hematologic encyclopedia. 
The number of these particles in unstained 
lymphocytes does not seem to be increased 
in persons receiving large exposures of 

radioiodine.*! They may be related to the 
phospholipid droplets in liver and other 
somatic cells, as described by Palade and 
Claude,” and Wallgren. 5° They are 
soluble in fat solvents, in cold alcohol, and 
in strong but not weak acid or base. They 
stain with lipid stains and basic dves and 
are increased in number by the action of 
neutral red or supravital preparations of 
blood." Gall’s granules are therefore much 
smaller and chemically different from the 
nuclear satellites of this study. One cannot 
exclude the possibility that some occasional 
granules or bodies may be present by virtue 


of the demonstrated phagocytic activity of 
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(human) lymphocytes,” even though it has 
been stated that from 7 to 13 davs after 
exposure the leukocytes show a markedly 
reduced capacity to phagocvtize bacilli.” 

It is contended here that the cvtoplasmic 


nuclear satellites described and illustrated 


JANUARY, 1964 


in this study (Fig. 1-33), which have never 
been seen or described in the blood of unir- 
radiated mice," are not the previously 
described granules of Gall, but are, in fact, 
nuclear fragments which probably result 
from the direct karyorrhectic action of 
ionizing radiations on the nucleus of the 
radiosensitive and differentiating lympho- 
blasts. Such a suggestion has recently been 
supported??? in a study of human periph- 
eral blood following nuclear accidents. 
These cytoplasmic inclusions were de- 
scribed as nuclear fragments and were 
Feulgen positive. The man in the Lockport 

accident® had received 1,500 r to the head 
and shoulders and 300 r to the whole body, 
and the peak incidence of these satellites 
was 4 per 1,000 (0.4 per cent) lymphocytes 
28 days after exposure.” 

The fragmentation or pinching-off « 
parts of the nucleus may be ป่ A 
the sloughing off by the embryo of radia- 
tion-necrotized cells which leave a deficit 
embryo. In the case of the lymphocyte or 
its precursor, the lymphoblast, there may 
be a discarding into the cytoplasm of that 
portion of the fragile nucleus which is radi- 
ation-damaged. It may be that this lym- 
phocy te nucleus attains its maximum radio- 
sensitivity during maturation process. The 
inclusion is usuallv larger than the so-called 
sex chromosome, and is found in lympho- 
cv tes of both sexes. It is believed that these 
cells are moribund and could not be culti- 
vated. Since these cytoplasmic inclusion 
bodies are not found in the formed periph- 
eral lymphocytes immediately after expo- 
sure, the fragmentation must occur in the 
pro-lympliocy te or lymphoblast stage, or 
during the maturation process. The imme- 
diate origin of lymphocytes is not vet estab- 
lished, but it mav be conjectured that this 
fragmentation occurs in any of the precur- 
sor cells such as lymphoblasts, or even 

earlier in the reticulolymphocytes or even 
mveloblasts. This is based upon the fact 
that these cytoplasmic inclusion bodies first 
were seen here to appear at 12 hours after 
exposure and remained in the peripheral 
blood for about ro weeks, depending upon 
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the level of exposure. The pro-lymphocyte 
is insulted before it reaches the peripheral 
blood stream, probably while in one of the 


weeks after irradiation, this period prob- 
ably represents the period of maturation of 
some lymphocytes. Inclusion bodies were 
found in the differentiating lymphocytes of 
the lymph nodes of all x-irradiated animals 
examined. The texture and staining procliv- 
ities of these satellites are similar to those of 
the nucleus, with which they are often 
closely associated. This concept has a corol- 
lary in the studies with other sensitivities, 
wherein it has been shown that the forma- 
tive or differentiating stage of any cell is the 
most radiosensitive, even more so than the 
subsequent completely differentiated stage, 
The persistence of these cytoplasmic inclu- 
sions (or nuclear fragments or satellites) up 
to 1 ๐ weeks after 400 r whole body exposure 
and their identification in the lymph node 
smears at least after 2 weeks strongly sug- 
gest that damage may be incurred while the 
formative cells are in the hematopoietic 
organs. 


SUMMARY 


t. The bi- and trinucleated condition 
was found regularly in control (unirradi- 
ated) CF: female mice to the extent of 2 to 
4 per cent of all lymphocytes. Cytoplasmic 
inclusions, which are believed to be frag- 
ments of the nucleus (nuclear satellites), 
were never seen in over 22,000 normal 
mouse lymphocytes examined. They have 
never been reported in normal human 
blood. 

2. At 2 weeks after whole body exposure 
to x rays, there was no evidence of any 
significant increase in the multinucleated 
lymphocytes, even in exposures u p to goo r. 
The lymphocyte cytoplasmic inclusions 
(nuclear satellites) were found in the pe- 
ripheral blood after all levels of exposure 
from 100 r to soo r, in frequencies from 
O.15 per cent to 1.16 per cent, and in higher 
incidence in lymphocytes in lymph nodes. 
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There was a definite increment in the inci- 
dence of these inclusion bodies when expo- 
sure levels were increased. 

3. In a daily study of the peripheral 
blood of x-irradiated mice (200 r and 400 r) 
for 10 weeks, it was found that the cvto- 
plasmic nuclear satellites in lymphocytes 
were seen regularly beginning at 1 day. The 
peak incidence occurred between 2 and 4 
weeks postirradiation, but they were also 
found as early as 12 hours and after only 10 


tion known to other somatic cells following 
high levels of x-irradiation and the lympho- 
cytes have long been recognized as particu- 
larly radiosensitive. 

5. The stress of continued low tempera- 
ture (10° C.) for 3 months did not produce 
these inclusion bodies in lymphocytes in 
mice. While it is possible that other forms 
of stress might produce such bodies, ioniz- 
ing radiations and radiomimetic agents 
(nitrogen mustard or chlorambucil) appear 
to be particularly effective in causing kary- 
orrhexis. 

6. Lymphocyte cytoplasmic inclusions, 
which seem to be nuclear fragments or 
satellites (karvorrhexis), appeared in the 
peripheral blood of mice, rats, fetal and 
adult monkevs, and in several humans with 
malignant diseases after treatment with a 
radiomimetic agent and/or x-irradiation. 
While the incidence of these anomalous 
cells was not high, the fact that they were 
never seen in normal mouse, rat or monkey 
blood and have never been described in 
normal human blood suggests that their 
presence may be an accessory fact in diag- 
nosing a prior possible exposure to ionizing 
radiations. 
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X-RAY SPECTROPHOTOMETRY IN VIVO* 


By BERTIL JACOBSON, M.D. 


STOCKHOLM, SWEDEN 





IE |: QUANTITATIVE analysis by spec- 
trophotometry, the choice of wave- 
lengths of the electromagnetic spectrum 1s 
determined by the optical properties of the 
material to be analvzed; infrared, visible 
and ultraviolet light are the bands most 
commonly used. Spectrophotometrv by 
means of x.ravs seems to have been de- 
scribed in detail for the first time in 1925 by 
Glocker and Frohnmaver.? [t has since been 
developed as an extremelv sensitive method 
for elementary analysis in microradiogra- 
phy.! 

During the last 10 vears, techniques have 
been worked out for the quantitative deter- 
mination of certain elements and sub- 
stances in the living body by means of 
absorption measurements using monochro- 
matic x-rays, The present article is devoted 
to the principle involved, the experimental 
techniques and a summary of the results so 
far obtained. 


PRINCIPLE 


The transmission of x-rays by a sub- 
stance depends upon its elementary compo- 
sition and the wavelength distribution. In 
Figure 1 the transmission has been plotted 
as a function of the wavelength for certain 
amounts of soft tissues, bone salt (hydroxy- 
apatite) and iodine. Since these curves are 
different in shape, it is possible to compute 
the amounts of these substances present in 
a mixture from the absorption values of 
three monochromatic wavelengths. 

In general, to analyze 7 elements or 
substances, absorption measurements at # 
wavelengths are required. This follows from 
the fact that the simultaneous equations 
obtained by the application of Lambert's 
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Fic. 1. Transmission plotted as a function of x-ray 
wavelength for various substances individually 
and combined. 


equations (;2) is equal to the number of 
elements (7); 
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where J and 7, are the transmitted and 
incident intensities, respectively, แพ the 


law can be solved only if the number of | mass absorption coefficients, x the amounts 
* From the Department of Medical Electronics, Karolinska Institutet, Stockholm, Sweden, 
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of the elements present, expressed in grams 
per square centimeter, the subscripts 
poo refer to the different wavelengths 
and the subscripts 1 + - - # to the different 
elements. In order to solve equations (1) it 
is furthermore required that the relation- 
ship between the wavelengths and the 
values of u for the various substances 
should differ significantly for the respective 
substances.*? ^ $? 

'The choice of wavelengths is governed bv 
several factors. If the continuous part of 
the mass absorption curves is emploved, 
the following rules apply. The longest 
wavelength, corresponding to the highest 
absorption, should be chosen to give the 
highest permissible attenuation at the 
thickest part of the object. The attenuation 
is limited by the required number of trans- 
mitted quanta; for if it is too high, the 
number of quanta will be too small, and 
this will result in too large a statistical 
fluctuation in the transmitted beam for the 
desired accuracy of the determination. In 
principle, another factor that limits the 
permissible attenuation is the maximum 
radiation dose that can be given to the 
patient. 

The shortest wavelength is usually 
chosen as remote from the longest wave- 
length as possible. In practice the difference 
is limited, as there is a tendency for the 
purity of the soft radiation from the x-ray 
tube to be impaired when the difference is 
made large. Moreover, there is a minimum 
number of high energy quanta consistent 
with statistical accuracy, which also limits 
the difference. The choice of the shortest 
wavelength thus involves a compromise 
between several factors. 

When three elements or substances are 
analyzed using the continuous part of their 
mass absorption curves, the third wave- 
length is chosen between the two others so 
as to give the highest accuracy in the solu- 
tion of equations (1). For any particular 
maximum thickness and composition of the 
object, the appropriate wavelength can be 
calculated numerically. This involves find- 
ing the most accurate solution of equations 
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(1). As an approximation, the third wave- 
length corresponds to an energy that lies at 
à point situated one-third of the interval 
between the highest and lowest energies, 
reckoned from the low energy point. This 
method of analyzing three elements by 
means of their continuous absorption 
curves is at present, however, of mainly 
theoretical interest since the available 
sources of monochromatic radiation are too 
weak to permit a practical application. 
When the continuous mass absorption 
curves are employed, therefore, x-ray spec- 
trophotometry 2» vivo is for the time being 
restricted to the analysis of only two sub- 
stances. 

The above comments on the choice of 
wavelength do not hold if any analyzed 
element of the object has an absorption 
edge at a wavelength shorter than the 
selected longest wavelength. The greatest 
sensitivity is then obtained if two wave- 
lengths are chosen as close as possible to, 
and on the opposite sides of the edge.?* In 


edge for iodine is at 33 kev. (0.37 A), and 


vo NL 


the preferred wavelengths are the K emis- 


$, 


sion lines of iodine and cerium. The shortest 
third. wavelength, when analvzing three 
substances, should still be as far as possible 
from the other two. 

In the above discussion no clear distinc- 
tion has been drawn between elements and 
other substances. The reason is that the 
elements composing the tissues of the living 
body are present in fairly constant propor- 
tions, so that it 1s practical to calculate 
effective mass absorption coefficients.* The 
coefficients for water and proteins differ by 
too small an amount for them to be dis- 
criminated, and thev must therefore be 
determined together; thev can, however, be 
distinguished from hvdroxvapatite and tat. 
lodine is analvzed as the pure element when 
its absorption edge at 33 kev. can be used. 
In general, elements with atomic numbers 
greater than that of iodine can be analvzed 
in bodies up to about 10 cm. thick by means 
of their absorption edges, whereas the 
energies at the edges for lighter elements 
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Fic, 2. Principle of the analog computer. 


are so low that the attenuation becomes too 
large for accurate analysis. 


TECHNIQUES 


For x-ray spectrophotometry ín vivo to 
be possible, two major experimental diffi- 
culties must be overcome. Firstly, mono- 
chromatic or, at least, homogeneous x-rays 
must be generated at high enough intensi- 
ties; and secondly, accurate absorption 
measurements must be carried-out during 
the limited time a living object can remain 
motionless. 

Monochromatic x-rays can be produced 
by several methods, all of which, however, 
yield low intensities. It has therefore been 
necessary to develop methods for obtaining 
homogeneous radiation of higher orders of 
intensity than have previously been 
achieved. Two principles have been tested, 
namely, primary and secondary excitation. 

The best results have been obtained 
hitherto by secondary, or fluorescent, exci- 
tation from a special x-ray tube.® The 
homogeneous radiation is obtained from a 
conical secondary target placed inside the 
primary target, which consists of a gold- 
plated copper foil cylinder. The short dis- 
tance (o.1-0.3 cm.) between the primary 
and secondary targets results in a high yield 
of secondary radiation, of the order of 
109-10? quanta per milliampere-second- 
steradian. The greatest advantage of tubes 
of this type is that the secondary targets 
may be made of a large range of heavy 
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elements compounded with elements of low 
atomic number. 

Fairly homogeneous radiation can be 
obtained from a conventional tube with 
primary excitation employing selected ele- 
ments or substances as a target provided 
that the tube voltage is suitable and that 
the beam is properly filtered. This primary 
excitation method has the advantage over 
secondary excitation that slightly higher 
intensities can be obtained for the same 
input energy and size of tube; there are, 
however, few materials that are suitable as 
targets in a high vacuum tube. 

To solve equations (1) it is necessary to 
determine the absorption of the monochro- 
matic x-ray beams with great precision, 
since the analysis relies on the determina- 
tion of differences in absorption values that 
are often nearly equal in magnitude. In 
fact, the absorption values must be accu- 
rate to at least 1 per cent, occasionally to 
within o.1 per cent. The accuracy is needed 
also when, as is often the case, the total 
absorption varies with the thickness of the 
object traversed by the beam by a factor of 
too or more. This places stringent demands 
on the linearity of the method. In the de- 
terminations speed is also of paramount 
importance if, for instance, errors due to 
movement of the object are to be avoided. 

The basic principle of an analog com- 
puter that fulfills the above requirements is 
shown in Figure 2. In this example, the 
three substances being determined are 
iodine, hydroxyapatite (bone salt) and soft 
tissues consisting of water, proteins and fat. 
Three monochromatic x-rays emitted in 
succession by the tube pass through three 
absorption wedges and the object to a 
scintillator detector. The wedges are com- 
posed of the substances being analyzed—in 
this case, iodine, hydroxyapatite and water. 
Water is assumed to have the same absorp- 
tion as the soft tissues of the body. (The 
error incurred by making no distinction 
between fat and other soft tissues will be 
discussed below.) The position of the 
wedges is automatically adjusted by means 
of the electronic circuit to give constant 
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intensities of the three wavelengths inci- 
dent on the scintillator. Before the object is 
placed in the beam, the x-rays pass through 
the thickest part of the wedges. When the 

object is placed in the beam, the wedges are 
automatically withdrawn a certain dis- 
tance, which corresponds to the amount of 
iodine, bone salt and soft tissues in the 
object. Thus, the displacements of the three 
wedges constitute a quantitative measure 
of the amounts of the substances in the 
traversed volume of the object. The dis- 
placements of the wedges are plotted by ink 
recorders. 

This multiple wedge system has certain 
valuable properties. (1) Since the amounts 
of the three substances traversed by the 
beam, and hence the attenuation, are con- 
stant for all wavelengths, any nonhomo- 
geneous radiation affects the results to a 
much smaller degree than if the total ab- 
sorption and composition traversed bv the 
beam varied during the determination. If 
this were the case, the intensitv of the non- 
homogeneous longer wavelengths, for in- 
stance, would incur an error at thin parts of 
the obice t where the absorption is low, but 
not at thick parts. (2) Since the detector 
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3. Simplified block diagram of the analog computer. 


always works at constant input intensities, 
any nonlinearity in the detector circuit is of 
minor importance, whereas with a noncom- 
pensatory measuring system, the detector 
would have to be linear within, say, o.1 per 
cent over at least a 100 fold scale of inten- 
sity. (3) The radiation dose that the object 
receives is always automatically reduced to 
the theoretical minimum; the number of 
quanta leaving the object is always limited 
to that for which the statistical fluctuations 
of the beam remain just below the level 
required by the desired accuracy of the 
determinations. 

A simplified block diagram of the analog 
computer 1s given in Figure 3. The method 
is rendered independent of fluctuations in 
the x-ray beam by employing the null 
principle. Two similar x-ray beams are 
used: one reference beam with stationary 
wedges and one measuring beam with 
servo-controlled wedges. The reference 
wedges are used to set the measurement 
ranges for the various substances under 
analvsis. The outputs from the two photo- 
multipliers are fed into a differential ampli- 
her. The appropriate balance points for the 
three simultaneous null svstems——for io- 


206 


dine, hydroxyapatite, and water—-are indi- 
cated by zero outputs from the differential 
amplifier for the three wav clengths. To 
control the servo-motors the gating of the 
error signals into the appropriate channels 
of the analog network is synchronized with 
the switching of the wavelengths. A major 
experimental difficulty when working with 
more than two wedges simultaneously is to 
prevent hunting; any coupled oscillation of 
the wedges results in false balance points. 
One wav of avoiding this is to introduce a 
mutual correction of the error signal in the 
iodine channel tor the error in the hydroxy- 
apatite channel, and vice versa (Fig. 3). A 
detailed description of the analog computer 
will be published elsewhere. 

The equipment can be used for measur- 
ing the amounts of substances in a particu- 


lar volume of an object. Density profiles of 


the substance may be obtained bv uni- 
directional scanning of the obj ject with the 
measuring beam. By scanning in two per- 
pendicular directions, stereograms can be 
obtained showing the quantitative distribu- 
tion within a scanned volume of the object. 
The equipment is shown in Figure 4. 
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To explore the possibility of performing 
simultaneous determinations of four sub- 
stances by means of four wavelengths, a 
fourth wedge containing fat was included. 
lt was found, however, that because of the 
small ditterence in absorption between fat 
and other substances, only three wedges 
could be used simultaneously. Since four- 
wedge operation was impracticable, the 
description is limited to the three-wedge 
system; the  iodine—hydroxvapatite— 
water combination has proved particularly 
useful. The most commonly emploved 
wavelengths are given in Figure 1. 


ERRORS 
The main factor that limits the attain- 
able accuracy in x-ray spectrophotometry 
is the statistical fluctuation in the quanta 
transmitted bv the object. The accuracy is 
governed by the number of transmitted 
quanta according to statistical. theory. 
Thus, in a two wedge svstem the number of 
quanta z required for nulling a wedge with 
à 95 per cent reliability is 
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Fic. 4. X-ray spectrophotometer. 
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where Æ is the largest permissible error— 
expressed as fraction of the absorption—in 


lengths. The error E, which is determined 
by the desired accuracy of analvsis, m av be 
calculated from the mass absorption coef- 
cients and amounts of the substances pres- 
ent in the object. If the error E should not 
exceed I per cent, 80,000 quanta must be 
transmitted by the object. Then, 95 per 
cent of the absorption values are correct to 
the specified degree of accuracv. 

If greater accuracy is desired # must be 
increased. This can be done by increasing 
either the number of incident quanta or the 
area of the x-ray beam scanning the object. 
The number of incident quanta can be 
increased either by raising the output of the 
X-ray tube, or, if this is not possible, by 
prolonging the measurement period for 
each volume of the object. Since for each 
monochromatic wavelength the absorption 
increases exponentially with thickness, a 
third important possibility mav exist, 
namely compression of the object. 

Related to these considerations is the 
speed of movement and the time required 
to balance the wedges. The speed of each 
wedge should be chosen to suit the statisti- 
cal accuracy of the governing absorption 
measurement. In general, with present-day 
techniques, the speed is moderate, and the 
movement of a wedge over its full length 
covers O.5 to § seconds. Thus, in the three- 
wedge system described above, when ana- 
Ivzing objects with a maximum thickness of 
1 ๐ cm. and a beam cross-section of o.2 to 
0.7 sq. cm., the water wedge moves through 
its full length in o.5 seconds and the hy- 
droxyapatite and iodine wedges both in 2 
seconds. With two wedges operating (the 
water wedge and either the hydroxvapatite 
or the iodine wedge), the balancing time 
then does rot exceed 2.5 seconds, while 
with three wedges it 1s at least 20 seconds. 
The reason for the considerablv greater 
balancing time with all three wedges is that 
the absorption differences must be deter- 
mined with greater accuracy for a simul- 
taneous estimation of the three substances 
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to be possible. Moreover, the servo svstems 
must be heavily damped to prevent coupled 
oscillations. 

Systematic errors are incurred because of 
the approximations to uniformity of com- 
position of the tissues in the object. These 
errors are of relatively minor importance, 
since the elementary composition of fat, 
protein and bone does not vary appreciably 
within a particular biologic species. A more 
serious problem is presented by the syste- 
matic errors that arise when anv one of the 
sues 1s neglected in the estimation of the 
two others or of iodine. Thus, when emplov- 
ing CeK, and Bak, radiation in iodine 
analysis bv means of an iodine and a water 
wedge, 1.0 g. of fat is equivalent to 0.5 mg. 
of iodine, while 1.0 g. hydroxyapatite cor- 
responds to — 7.2 : 
reason a hydroxyapatite wedge is essential 
in iodine analysis to prevent svstematic 
errors. Similarly, in bone salt determina- 
tions, fat gives rise to a svstematic error. 
For instance, in a two-wedge svstem with 
water and hydroxyapatite employing WK, 
and Cek, radiation, 1.0 g. fat gives rise to 
an error of —o.os g. of hydroxyapatite. 

Another systematic error arises when a 
strongly absorbant substance is unevenly 
distributed across the x-ray beam. If one 
sector of the beam is attenuated more than 
the rest, the amount of the estimated sub- 
stance in the path of the highly attenuated 
sector will not be compensated for by a 
wedge displacement. Thus, it is essential 
that the object in the x-ray beam should be 
of sufficiently uniform thickness and com- 
position and that the x-rays should not be 
too soft. 

Scattered x-rays from the object might 
introduce an error if the scintillator is 
placed close to the object. Any such error 
could be eliminated by increasing the dis- 
tance between the object and the scintilla- 
tor, which involves no disadvantage. 

Wedges can usually be moulded with 
sufficient accuracy for any error due to 
impertection to be negligible. The quality 
of the wedges can be checked in the equip- 
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ment by observing the wedge displacements 
caused by placing known samples of the 
substance in the beam. 


DOSE 


With the method described the radiation 
dose is kept close to the theoretical mini- 
mum. This is possible because (1) the x-ray 
beams are attenuated by the wedges to 
exactly the number of incident quanta 
needed to give the desired level of accuracy; 
(2) the object is exposed only to the wave- 
lengths used for the analysis; and (3) all the 
information available in the emergent 
beam is utilized, all the quanta being 
trapped in the scintillator and processed in 
the analog computer. The method differs 
therefore from the other roentgenographic 
procedures, in which a broad x-ray spec- 
trum is used of which only the incident 
quanta of high energy contribute signifi- 
cantly to the image; weakly absorbing 
regions are then often exposed to excessive 
radiation to enable the heavily absorbing 
regions to be examined; and in some sys- 
tems a large fraction of the transmitted 
quanta pass through the recording medium 
owing to inefficient absorption. 

The dose to which the patient is exposed 
is dependent upon the accuracy required of 
the determinations, the choice of wave- 
lengths, the thickness of the object and the 
number of elements analyzed. The dose 
increases with the square of the accuracy, 
since the number of transmitted quanta 
must be increased by a factor /? for the 
accuracy to increase a factor f. The dose 
increases rapidly with wavelength, soft 
x-rays being strongly absorbed. As the 
radiation is monochromatic, the dose pro- 
vided by a particular wavelength increases 
exponentially with the object thickness. 
Since the time needed for the wedges to 
reach their equilibrium positions is about 
IO times greater for three wedges than two, 
the dose is highly dependent on the number 
of substances analyzed. Because of these 
various factors, it is not practical to define 
the dose by an equation; the actual values 
should be determined experimentally or 
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calculated theoretically for a particular set 
of experimental conditions. With the above 
three-wedge system, a dose of about go mr 
is given during a thyroid iodine analysis 
in a IO cm. thick object with a required 
accuracy of +0.5 mg. per sq. cm. When 
operating with two wedges—iodine and 
water—and the same conditions, only 1 mr 
is required. 


APPLICATIONS 


The iodine determinations are suffi- 
ciently accurate for quantitative analysis 
in vivo of nonradioactive iodine in the thy- 
roid. By scanning the thyroid in a lateral 
projection the distribution of iodine can be 
charted.® This is a tedious process, however, 
and in a recent clinical study it has been 
replaced by single point measurements over 
the central part of the thyroid lobes; from 
these 1t was possible when combined with 
radioiodine scintillation techniques to esti- 
mate the thyroid iodine to an accuracy of 
+2 mg. or +20 per cent.‘ The mean iodine 
content was 12.9 mg. for normal Swedish 
adult controls, 12.5 in cases of thyrotoxi- 
cosis and 20.4 mg. in cases of nontoxic 
goiter. In thyrotoxicosis, however, only a 
fraction of the thyroid iodine seemed to be 
involved in the rapid metabolism. 

The transport of iodine contrast media in 
the body can be studied quantitatively. For 
instance, the liver function has been meas- 
ured in the rabbit after intravenous injec- 
tion of biligrafin. Some of the results were 
confirmed by experiments on man? 

Since the biligrafin is distributed in the 
extracellular space,? the volumes of the 
intra- and extracellular spaces in a particu- 
lar region of the body can be determined. 
The required data are the iodine value in 
the region and the todine content of the 
plasma (estimated im vitro by x-ray spectro- 
photometry). Both values are determined 
after intravenous injection of biligrafin and 
equilibration. 

It is also possible to determine circula- 
tion times by estimation of iodine în vivo 
after injection of a contrast medium. The 
advantage of the x-ray method over isotope 
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techniques 1s that the patient is exposed to 
a smaller radiation dose. Only a local dose 
is then given, whereas the whole bodv is ir- 
radiated by the isotope until it decavs or is 
excreted. 

The method is well suited for bone salt 
determinations. By scanning in one direc- 
tion, cortical densitv profiles are obtained 
of the tvpe shown in Figure z. The total 
amount of hydroxyapatite is determined by 
integrating over the shaded area. It is also 
possible in certain cases to calculate the 
amount of hvdroxvapatite per unit volume 
of cortical bone from the shape of the 
profile and the dimensions of the bone, 
measured in 2 roentgenograms taken with 
perpendicular projections. Hitherto these 
determinations have been made with only 
two wedges——hydroxyapatite and water. 
The middle section of the metacarpal bone 
of the thumb has been measured of normal 
subjects and cases of osteoporosis. The 
hvdroxvapatite value was found to decrease 
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Fic. §. Bone density profile obtained by a 
linear scan. 
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Fic. 6, Hydroxyapatite value for the metacarpal 
bone of the thumb decreases with the age. The 
values were calculated per unit volume of bone, 
including the marrow. 


inversely with age, particularly after so 
vears (Fig. 6). 

It is also possible to determine the ratio 
of fat to other soft tissues—for instance to 
distinguish edema from fat. 


CONCLUSIONS 


The main disadvantage of the described 
method in the present state of technology 
is the limited intensity of the monochro- 
matic x-rays. This is a particularly difficult 
problem in iodine analysis when objects 
more than 1 ๐ cm. thick can be examined to 
only a low degree of accuracy. In bone 
salt analysis the low intensities make it 
difficult to use a third fat wedge, and, as 
pointed out above, this incurs a svstematic 
error. Hence, further development of the 
technique is indicated. 

The chief advantage of the described 
method of quantitative analysis in vivo 
is that it provides for the first time a means 
of solving certain problems. The technique 
has application in any situation in which 
pathologic conditions result in changes in 
the elementary composition in the bodv, or 
when such changes can be produced 
artificially, for instance by means of 
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roentgenographic contrast media. The 
method is rapid, a complete quantitative 
analysis im vivo or in vitro requiring only a 
few seconds, and no preparation of the test 
sample is necessary. Another important 
advantage is that the radiation dose to 
which the patient is exposed is kept close to 
a theoretical minimum. 


Department of Medical Electronics 
Karolinska Institutet 
Stockholm 60, Sweden 
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THE FORTY-SIXTH ANNUAL MEETING OF THE 
AMERICAN RADIUM SOCIETY 


T Forty-sixth Annual Meeting of 
the American Radium Society will be 
held at The Greenbrier, White Sulphur 


Springs, West Virginia, April 13-16, 1964. 


The Society wasVfounded in 1916 and its 
objectives are “to promote the scientific 
study of radium and other sources of 
jonizing radiation in relation to their phys- 
ical properties, their biological effects, and 
their therapeutic application; and to en- 
courage liaison between the various special- 
ties concerned with the treatment of can- 
cer." Its membership is comprised pre- 
dominantly of radiotherapists, cancer sur- 
geons, and radiation physicists. 

All physicians and allied scientists inter- 
ested in the management of cancer, espe- 
cially by tonizing radiation, and those inter- 
ested in the basic physical and biological 
aspects of ionizing radiation are welcome. 
They should apply directly to the Green- 
brier for reservations. 

The Tentative Scientific Program and 
Schedule of Events appear elsewhere in this 
issue of the Journa. The Scientific Pro- 
gram Committee, in keeping with the 
expressed wishes of the membership, has 
invited three distinguished members of the 
Society to arrange symposia directed to the 
better understanding of the diagnosis, 
treatment, and statistical evaluation of 
cancer. Dr. John S. Laughlin has organized 
the symposium on “Cancer Detection by 
Radioisotope Scanning" which will include 
presentations by four outstanding workers 
in this field followed by a discussion period. 
Dr. Arthur I. Holleb has invited seven 
experts to participate in the symposium on 
“The Palliation of Advanced Cancer," each 
of whom will discuss the problem from the 
standpoint of his specialty. Dr. Antolin 


Raventos will chair the "Workshop on 
Statistics" which will cover the basic prob- 
lems of production and interpretation of 
statistics. Representatives from the Na- 
tional Cancer Institute will participate in 
this symposium. In addition, the Commit- 
tee has selected individual communications 
relating to the surgical, chemotherapeutic, 
and radiotherapeutic management of spe- 
cific neoplasms as well as the basic physical 
and biological aspects of ionizing radiation. 
The Scientific Sessions will extend from 
9:00 A.M. through 1:00 p.m. each day, 
leaving the afternoons open for group con- 
ferences and recreation. There will be no 
discussion of individual papers but time has 
been allocated for discussion periods cover- 
ing groups of related papers. 

One of the highlights of the Program will 
be an address on "Surgery and Radiother- 
apy—Rational Collaboration and Im- 
proved Results," by our distinguished 
British Guest, Dr. Frank Ellis, Radiothera- 
pist to the Churchill Hospital, Oxford, 
England and President of the British Insti- 
tute of Radiology. 

The Janeway Lecture, always an out- 
standing event, will be delivered by Dr. 
Harold W. Dargeon, Chairman Emeritus, 
Department of Pediatrics, Memorial Hos- 
pital for Cancer and Allied Diseases, and 
Clinical Professor of Pediatrics, Emeritus, 
Cornell University Medical College. The 
title of his lecture will be “Considerations 
in the Treatment of Reticuloendotheliosis." 

The First Executive Session of the Soci- 
ety will start at 2:30 p.m. on Monday in 
order that ample time may be provided for 
the discussion of several very important 
items of business upon which the member- 
ship will be required to vote. 
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Dr. Henri LeClaire, 735 Doctors Build- 
ing, Cincinnati 2, Ohio is Chairman of the 
Arrangements Committee and he will be 
ably assisted by Drs. Albert L. Allen, 
Robert D. Berkebile, and Ralph M. Scott. 
The Calendar of Social Events will include 
areception for all registrants by the Radium 
Chemical Company immediately following 
the Janeway Lecture on Tuesday evening. 
On Wednesday evening the regular recep- 
tion for members and guests of the Society 
will be followed by the Annual Banquet and 
presentation of the Janeway Medal. Enter- 
tainment and dancing will follow. 

The Greenbrier offers unparalleled facili- 
ties for gracious living and recreation. It is 
operated on the American Plan with indi- 
vidually decorated guest rooms and suites 
available as required. Equally attractive 
are its lovely public rooms and dining 
salons. The Cameo Ballroom is open for 
dancing every evening except Sunday and 
first run movies are shown each evening in 
the theater. Since the early part of the 
nineteenth centurv, 
visitors have come to this famous spa for its 
warm sulphur mineral baths. A wide vari- 
etv of sports activities are offered bv The 
Greenbrier including golf, tennis and both 
indoor and outdoor swimming in pools. In 
addition, cycling, horse back riding, skeet 
and trap shooting are available to all regis- 
trants. 

Transportation to The Greenbrier, White 
Sulphur Springs, West Virginia, may be 
arranged either bv train or air. The Chesa- 
peake and Ohio Railroad offers through 
sleeping car service from New York, Phila- 
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delphia, Washington, Chicago, Cincinnati 
and Detroit. Individuals flying from the 
South, East, or Northeast should route into 
Roanoke, Virginia: and those flving from 
the West, North, or Northwest should 
route into ‘Charleston, West Virginia. Auto 
taxi service from Roanoke and Charleston 
to The Greenbrier is readily available. In 
addition, The Greenbrier Airlines, White 
Sulphur Springs, West Virginia, offers Von- 

Scheduled Air-Taxi Service from Roanoke 
and Charleston. Arrangements for this 
service should be made directly with The 
Greenbrier Airlines. 

Registration will start in the foyer of The 
Greenbrier at 12:00 Noon on April 12. 
Application forms for reservations have 
been mailed to all members of the Society 
and they should be returned promptly to 
The Greenbrier in order that both the hotel 
and the Arrangements Committee may 
anticipate the number of registrants as far 
in advance of the meeting as possible. 
Registration will be automatic upon the 
receipt of your confirmed reservation inas- 
much as the Arrangements Committee will 
receive a copy of each reservation from the 
hotel. Scientific Guests will be charged a 
nominal registration fee. 

The officers of the American Radium 
Society cordially invite vou to attend the 
Fortv-sixth Annual Meeting at The Green- 
brier. 





CHARLES G. SrETSON, M.D. 
President, American Radium Soctety 


Mount Sinai Hospital 
New York 19, New Y 
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AMERICAN RADIUM SOCIETY 
TENTATIVE PROGRAM 


The following is the tentative program arranged by the Scientific Program Committee 
for the Forty-sixth Annual Meeting of the American Radium Society to be held at Tue 
Greenbrier, White Sulphur Springs, West Virginia, April 13-16, 1964. 


Sunday, April 12, 1964 


9:00 A.M.—4:00 P.M. 
Executive Committee Meeting. 
12:00 NOON-6:00 P.M, 
Registration. 


Monday, April 13, 1064 


8:30 A.M. Registration—onward. 
9:00 A.M. 
Opening Ceremonies and Welcome Address. 
Charles L. Goodhand, M.D., President, West 
Virginia State Medical Association, Parkers- 
burg, West Virginia. 
9:05 A.M. Address. 
Charles G. Stetson, M.D., President, American 
Radium Society, Mount Sinai Hospital, New 
York, New York. 


First SCIENTIFIC SESSION 
Juan A. del Regato, M.D., Chairman. 

Penrose Cancer Hospital, Colorado Springs, 
Colorado. 
9:15 A.M. 

The Comparative Place of Irradiation and Surgery 
in Treatment of Bronchogenic Cancer. John L. 
Pool, M.D., Francisco Alaniz, M.D.,* Basil S. 
Hilaris, M.D.,* and Ulrich K. Henschke, M.D., 
Ph.D., Memorial Hospital, New York, New 
York. 

9:30 A.M. 

Radiographic and Pathologic Correlation As a 
Guide to Operability in Post-Irradiated Lung 
Cancer Patients. Morton M. Kligerman, M.D., 
M. Peter Scibetta, M.D.,* Charles B. Carring- 
ton, M.D.,* Samuel Hellman, M.D.,* and 
Richard H. Greenspan, M.D.,* Yale University 
School of Medicine, New Haven, Connecticut. 

9:45 A.M. 

Results of Radiotherapy in Patients with Inoper- 
able Carcinoma of the Lung Whose Status Was 
Established at Exploratory Thoracotomy. Ruth 
J. Guttmann, M.D., Francis Delafield Hospital, 
New York, New York. 

TO!00 A.M. 

Radiation Injury of the Lung. Bernard Roswit, 
M.D., and Harold M. Jones, M.D.,* Veterans 
Administration Hospital, Bronx, New York. 

IO:Ij A.M. 
Discussion of Previous Papers. 


* By invitation. 


10:30 A.M. 

Recess. 

10:45 AM, 

The Potentialities for Fast Neutron Beam Radio- 
therapy. J. Robert Andrews, M.D., National 
Cancer Institute, Bethesda, Maryland. 

II:00 A.M. 

A Compact Radium Safe Employing Gas Steriliza- 
tion. Milford D. Schulz, M.D., Edward W. 
Webster, Ph.D.,* and E. Theodore Agard, 
M.Sc.,* Massachusetts General Hospital, Bos- 
ton, Massachusetts. 

II:I15 A.M. 

Mammography As an Aid in Detection of Cancer 
of the Breast. Robert L. Egan, M.D.,* Method. 
ist Hospital, Indianapolis, Indiana. 

II:30 A.M. 


Symposium: 


Cancer Detection by Radioisotope Scanning. 
John S. Laughlin, Ph.D., Chairman, Me- 
morial Hospital, New York, New York. 

Clinical Evaluation of an Improved Method of 
Large Organ Scinti-Scanning for Neoplastic 
Disease. John P. Storaasli, M.D., Western 
Reserve School of Medicine, Cleveland, Ohio. 

Diagnosis of Neoplastic Lesions of the Brain. 
Edward B. Schlesinger, M.D.,* Neurological 
Institute, New York, New York. 

Detection and Study of Neoplastic Lesions in 
Bone. Ernest Greenberg, M.D.,* Memorial 
Hospital, New York, New York. 

Dynamic Scanning of Radioactive Isotopes in 
Organs. Merrill A. Bender, M.D.,* Roswell 
Park Memorial Institute, Buffalo, New York. 

1:00 P.M. 

Adjournment of First Scientific Session. 
2:30 P.M.—4:00 P.M. 

First Executive Session-—for All Members. 


Tuesday, April 14, 1964 
SECOND SCIENTIFIC SESSION 
Tohn L. Pool, M.D., Chairman. 
Memorial Hospital, New York, New York. 
9:00 A.M. 
The Life History of Malignant Melanoma. Gordon 
P. McNeer, M.D., Memorial Hospital, New 
York, New York. 


* By invitation. 
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9:15 A.M. 

Recurrent Recto-Sigmoid Carcinoma—Some 2 
Mev. Roentgen-Ray Results and a Bowel Pro. 
tecting Technique. Magnus I. Smedal, M.D., 
and Kenneth A. Wright, M.S.,* Lahey Clinic, 
Boston, Massachusetts. 

9:30 A.M. 

The Superior Mediastinal Syndrome in Children 
with Cancer. Giulio J. D'Angio, M.D., Sidney 
Farber, M.D.* and Audrey E. Evans, 
L.R.C.P. & S., E.,* Children's Hospital Medical 
Center, Boston, Massachusetts. 

9:45 A.M. 

Fever As a Complication of Radiation Therapy 
for Carcinoma of the Cervix. Martin Van Herik, 
M.D., Mayo Clinic, Rochester, Minnesota. 

10:00 A.M. 

Selected Use of Irradiation and Operation to Treat 
Cancer of the Cervix. Felix N, Rutledge, M.D., 
and Gilbert H. Fletcher, M.D., M. D. Anderson 
Hospital, Houston, Texas. 

OLIS A.M. 

Discussion of Previous Papers. 
10:30 A.M. 

Recess. 
10:45 A.M. 

Biophysical Considerations Concerning the Exist- 
ence of a Threshold for Radiation Effects. 
Harald H. Rossi, Ph.D., College of Physicians 
and Surgeons, Columbia University, New York, 
New York. 

11:00 A.M. 


Symposium: 


The Palliation of Advanced Cancer. Arthur I. 
Holleb, M.D., Chairman, Memorial Hospital, 
New York, New York. 

General Surgical Methods. Henry T. Randall, 
M.D.,* Memorial Hospital, New York, N 


ew 
York. 





Neurosurgical Methods. Vernon H. Mark, 
M.D.,* Massachusetts General Hospital, 


Boston, Massachusetts. 

Anesthesia Techniques. Rita Jacobs, M.D.,* 
Memorial Hospital, New York, New York. 

Pain Control by Narcotics. Raymond W. Houde, 
M.D.,* Memorial Hospital, New York, New 
York. 

Radiation Therapy Methods. Juan A. del Re- 
gato, M.D., Penrose Cancer Hospital, Colo- 
rado Springs, Colorado. 

Hormonal and Non-Hormonal Chemotherapy. 
Michael Brennan, M.D.,* Henry Ford Hos. 
pital, Detroit, Michigan. 

The Use of Hypnosis. Oscar L. Morphis, M.D., 
Fort Worth, Texas. 

I :00 P.M. 
Adjournment of Second Scientific Session. 





* By invitation. 
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$ 100 P.M, 
THE JANEWAY LECTURE 


Considerations in the Treatment of Reticuloendo 
theliosis. Harold W. Dargeon, M.D., Memorial 
Hospital, New York, New York. 

6:30 P.M. 
Reception—Host: Radium Chemical Company 


Wednesday, April 15, 19064 
8:30 A.M. 
Second Executive Session, 


THIRD SCIENTIFIC Session 
Jastin J. Stein, M.D., Chairman. 

University of California at Los Angeles Medi 
cal Center, Los Angeles, California. 
9:00 A.M, 

Malignant Epithelial Tumors of the Nasopharynx 
Gilbert H. Fletcher, M.D., M. D. Anderson 
Hospital, Houston, Texas. 

OILS A.M. 

Radiotherapy of Malignant Tumors of the Naso- 
pharynx—~A Review of 190 Cases Treated in a 
Period of 30 Years. Charles B. Davidson, M.D.,* 
Merle W. Delmer, M.D.,* Chu H. Chang, 
M.D.,* and Harold W. Jacox, M.D., Presby- 
terian Hospital, New York, New York. 

9:30 A.M. 

Treatment of Epithelioma of the Oropharynx with 
Low Intensity Radium Needles. Charles L. 
Martin, M.D., and James A. Martin, M.D., 
Martin X-ray & Radium Clinic, Dallas, Texas. 

9:45 A.M. 

Combined Interstitial and External Therapy in 
the Treatment of Head and Neck Tumors. 
Fernando G. Bloedorn, M.D., University. of 
Maryland Hospital, Balitmore, Maryland. 

10:00 A.M. 

Management of Residual or Recurrent Cancer 
following Radiation Therapy for Squamous 
Cell Carcinoma of the Oropharynx. Alondo 
J. Ballantyne, M.D., and Gilbert H. Fletcher, 
M.D., M. D. Anderson Hospital, Houston, 
Texas, 

IO:1$ A.M. 

Discussion of Previous Papers. 
10:30 A.M. 

Recess. 
IO:48 A.M. 

Surgery and HRadiotherapy- Rational Collabora- 
tion and Improved Results. Frank Ellis, M.D.,* 
Churchill! Hospital, Oxford, England. 

11:30 A.M. 


Symposium: 


Workshop on Statistics. Antolin Raventos, 
M.D., Chairman, Hospital of the University 
of Pennsylvania, Philadelphia, Pennsylvania. 

The Value and Use of Tumor Registry Data. 


* By invitation. 
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Howard B. Latourette, M.D., State Univer- 
sity of Iowa, Iowa City, Iowa. 

How Should the End Results of Cancer Therapy 
Be Presented? Sidney J. Cutler, Sc.D.,* Na- 
tional Cancer Institute, Bethesda, Maryland. 

Pitfalls of Using Retrospective Data in Com- 
paring Treatments. Marvin A. Schneiderman, 
Ph.D.,* National Cancer Institute, Bethesda, 
Maryland. 

Planning the Clinical Trial. James J. Nickson, 
M.D., Memorial Hospital, New York, New 
York. 

I:00 P.M, 
Adjournment of Third Scientific Session. 


7:00 P.M. Reception—American Radium Society. 
8:00 p.m. Annual Banquet and Presentation of the 
Janeway Medal. 


Thursday, April 16, 1964 
8:30 A.M. 

Third Executive Session. 

FOURTH SCIENTIFIC SESSION. 

Milton Friedman, M.D., Chairman. 
University Hospital, New York, New York. 
9:00 A.M. 

Chemotherapy of Metastatic Testis Cancer. A. 
Ranald Mackenzie, M.D.,* and Wilet F. 
Whitmore, Jr, M.D.,* Memorial Hospital, 
New York, New York. 

9:15 A.M, 

The Treatment of Inoperable Liver Cancer by the 
Intra-Arterial Infusion of Chemotherapeutic 
and Radioisotopic Agents. Irving M. Ariel, 
M.D., and George T. Pack, M.D., Pack Medical 
Foundation, New York, New York. 

9:30 A.M. 

Clinical Therapeutic (Radioactive) Lymphangiog- 
raphy. Edwin J. Liebner, M.D.,* University of 
Illinois, Chicago, Illinois. 

9:45 A.M. 

Regional Oxygenation and Radiation—Current 
Status. John T. Mallams, M.D., G. A. Balla, 
M.D.,* and J. W. Finney, M.S.,* Baylor 
University Medical Center, Dallas, Texas. 

IO:00 A.M. 

Treatment of Carcinoma of the Bladder by Super- 
voltage Radiotherapy. Robert H. Sagerman, 
M.D.,* Malcolm A. Bagshaw, M.D., and Henry 
S. Kaplan, M.D., Stanford University Medical 
Center, Palo Alto, California. 


* By invitation, 
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January, 1964 


10:15 A.M. 

Discussion of Previous Papers. 
10:30 A.M. 

Recess. 
10245 A.M. 

Iridium 192, a Radium Substitute. Norman 

Simon, M.D., Mount Sinai Hospital, New York, 

New York. 

11 :00 A.M, 

Evaluation of Tolerance and Effectiveness of the 
Co Moving Strip. Luis Delclos, M.D.,* M. D. 
Anderson Hospital, Houston, Texas. 

11:15 A.M. 

Expenence with High Energy Electron Beam 
Therapy. Charles Botstein, M.D., and R. J. 
Schulz, M.Sc.,* Montefiore Hospital, Bronx, 
New York. 

II:30 A.M. 

The Diagnosis and Treatment of Malignant Syno- 
vioma. Milton Raben, M.D.,* Ralph Phillips, 
M.D., and Norman L. Higinbotham, M.D.,* Me- 
morial Hospital, New York, New York. 

I1:45 A.M, 

Radiation Hepatitis. John Ingold, M.D.,* George 
B. Reed, M.D.,* Henry S. Kaplan, M.D., and 
Malcolm A. Bagshaw, M.D., Stanford Univer- 
sity Medical Center, Palo Alto, California. 

12:00 NOON 
Discussion of Previous Papers. 
12:15 P.M, 

Experience with 883 Patients with Malignant 
Lymphoma. David W. Molander, M.D.,* and 
George T. Pack, M.D., Pack Medical Founda- 
tion, New York, New York. 

12:30 P.M. 

The Effect of Radiation Therapy on the Survival 
Time of Women with Recurrent Mammary 
Carcinoma. Richard J. Kaufman, M.D.,* Flor- 
ence C, H. Chu, M.D., and George C. Escher, 
M.D.,* Memorial Hospital, New York, New 
York. 

12:45 P.M. 

Fractionation and Other Variables in Preoperative 
Irradiation—E valuation by a Simple Experi- 
mental Model. B. H. Feder, M.D., and Phyllis 
B. Blair, Ph.D.,* Veterans Administration 
Hospital, Long Beach, California. 

1:00 P.M, 

Final Executive Session for All Members and 
Installation of New Officers. 

Adjournment of Forty-sixth Annual Meeting of 
the American Radium Society. 


* By invitation. 
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NEWS 


DR. WILLIAM D. COOLIDGE HONORED 


Dr. William D. Coolidge, Honorary 
Member of the American Roentgen Ray 
Society and the American Radium Society, 
was awarded the Róntgen Plaque by the 
City of Remscheid-Lennep, Germany, the 
birthplace of William Conrad Róntgen, 
discoverer of X-rays. The presentation was 
made at the General Electric Research 
Laboratory, Schenectady, New York, 
where Dr. Coolidge invented the famous 
Coolidge tube, which revolutionized both 
diagnostic and therapeutic radiology. 

On October 23, 1963 the great pioneer in 
science celebrated his goth birthday. 


NEW OFFICERS OF THE RADIOLOGICAL 
SOCIETY OF NORTH AMERICA 


At the Forty-ninth Annual Meeting of 
the Radiological Society of North America 
held November 17-22, 1963 at the Palmer 
House, Chicago, Illinois, the following 
officers were elected: Prestdent—Robert P. 
Barden, M.D., Philadelphia, Pennsylvania; 
President-Elect—Robert D. Moreton, M.D., 
Fort Worth, Texas; First Vice-President— 
Herbert M. Stauffer, M.D., Philadelphia, 
Pennsylvania; Second — Fice-President— 
Robert E. Wise, M.D., Boston, Massa- 
chusetts; Third Vice-President--J. Richard 
Raines, M.D., Portland, Oregon; Secretary- 
Treasurer—Maurice D. Frazer, M.D., Lin- 
coln, Nebraska; and Historian—Howard 
P. Doub, M.D., Detroit, Michigan. The 
new Chairman of the Board of Directors 1s 
John W. Walker, M.D., Kansas City, 
Missouri, and the new member elected to 
the Board of Directors is John H. Gilmore, 
M.D., Chicago, Illinois. 

The Gold Medal of the Society was 
awarded to Harold O. Wyckoff, Ph.D., 
Silver Spring, Maryland. 

The Fiftieth Annual Meeting will be held 
on November 29-December 4, 1964 at the 
Palmer House in Chicago, Illinois. 


ITEMS 


SEVENTH KIRKLIN-WEBER 
.. MEMORIAL LECTURE 

Dr. James Bull, Professor of Radiology 
in the National Hospital, Queen’s Square, 
London, and Director of the Institute of 
Neurology in the University of London, 
gave the seventh Kirklin-Weber Memorial 
Lecture at 8:00 p.m. on Thursday, October 
31, 1963, in Balfour Hall, Mayo Founda- 
tion House. Dr. Bull spoke on “Intracranial 
Aneurysms Behaving As Space-Occupying 
Masses.” 

The Kirklin-Weber Memorial Lecture 
was established in 1959 in honor of Dr. 
Byrl R. Kirklin, head of the Section of 
Diagnostic Radiology in the Mayo Clinic 
from 1930 to 1951, who died in 1957; and 
Dr. Harry M. Weber, head of the same 
section from 1951 until his death in 1958. 


THE ROCKY MOUNTAIN 
RADIOLOGICAL SOCIETY 
The Rocky Mountain Radiological Soci- 
ety elected the following officers for 1964: 
President—John F. Bacon, M.D., Ames, 
lowa; President-Elect—Morris H. Levine, 
M.D., Denver, Colorado; zst Vice-Presi- 
dent—Warren B. West, M.D., Ogden, 
Utah; 2nd Vice-President—Lester B. 
Shook, M.D., Fargo, North Dakota; Secre- 
tary-Treasurer—John H. Freed, M.D., 
Denver, Colorado; and Historian—H. Mil- 
ton Berg, M.D., Bismark, North Dakota. 
The next annual meeting will be held in 
Denver at the Brown Palace Hotel on 
August 20, 21, and 22, 1964. 


VII SYMPOSIUM NEURORADIOLOGICUM 


The VII Symposium Neuroradiologicum 
will be held in New York City at the 
Waldorf-Astoria Hotel, September 20-25, 
1964. 

In addition to essays on subjects of 
diagnostic and therapeutic neuroradiologic 
interest, there will be a symposium on 
Radiation and the Nervous System. The 
latter will include essays on radiobiology, 
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effects of radiation encountered in outer 
space, and the use of ultrasound and radio- 
isotopes in diagnosis and therapy. 

The nre ungue of a "ym pom 
an forms may be Moe 
from the President, Dr. Juan M. Taveras, 
Neurological เท 71 ๐ West 168th 
Street, New York 32, New York. 





POSTGRADUATE COURSE IN 
DIAGNOSTIC RADIOLOGY 

The seventh annual postgraduate course 
in Diagnostic Radiology will be presented 
by the Department of Radiology and Con- 
tinuing Education in Medicine and the 
Health Sciences of the University of Cali- 
fornia, San Francisco Medical Center, 
March 4-8, 1964. It is an intensive five-day 
course which includes lectures, panel dis- 
cussions, symposia, exhibits, and a social 
hour. Registrants mav enroll for the full 
five davs or by the day. 

The Guest Faculty will include outstand- 
ing scientists from various parts of the 
country and England. 

For application please write to: Dr. 
Sevmour M. Farber, Assistant Dean, Uni- 
versity of California Medical Center, San 
Francisco 22, California. 


RADIOISOTOPE CONFERENCE 

The second annual Oak Ridge Radioiso- 
tope Conference will be held in ‘Gatlinburg, 
Tenn., April 20-22, 1964. 

T he conference will be sponsored by 
ORINS and Oak Ridge National Labora- 
tory, in cooperation with the U. S. Atomic 
Energy Commission. 

Sessions of the meeting, which will be 
held jointly in the Gatlinburg Civic Audi- 
torium and the Riverside Motor Lodge, 





will be devoted to discussions of the use of 


radioisotopes in biology, medicine, engi- 
neering, and the physical sciences. 
Inguiries about the program should be 
directed to Dr. Overman, Speical Training 
Division, Oak Ridge Institute of Nuclear 
Studies, P.O. Box 117, Oak Ridge, Tenn., 


279831. 





News Items 


JANUARY. 1964 


EVOLVING CONCEPTS IN PULMONARY 
DISEASE: POSTGRADUATE COURSE 


This Course is sponsored by the Depart- 
ment of Radiology of the University of 
Miami School of Medicine and Jackson 
Memorial Hospital. It will emphasize new 
concepts in pulmonary roentgen diagnosis. 
Basic reviews and two clinicopathological 
sessions will also be presented. 

The following topics will be covered: 1 
Basic pulmonary phy siopathology ; 2 oprit- 
ciples of chest interpretation; 3. 6 be 
and diffuse pulmonary emphysema; 4. in- 
terstitial pulmonary fibrosis; 5$. miliary 
diseases of the lung; 6. pulmonary granu- 
lomas; 7. vascular lesions of the lungs; 8. 
pulmonary hypertension; 9. exotic pneu- 
monopathies; to. selected aspects of pul- 
monary neoplasms; 11. pediatric chest 
problems. 

The Course will be held March 18-21, 
1964 at Fontainebleau Hotel, Miami Beach, 
Florida. 

The Faculty includes: Robert P. Barden, 
M.D., Philadelphia, Pennsvlvania; Sabino 
Di Rienzo, M.D., Buenos Aires, Argentina; 
J. Scott Dunbar, M.D., Montreal, Qubec; 
Benjamin Felson, M. D. Cincinnati, Ohio; 
Felix G. Fleischner, M.D., Boston, Massa- 
chusetts; L. Henry Garland, M.D., San 


Francisco, California; Peter J. Kerley, 
M.D., London England; Ted F. Leigh, 


M.D., Atlanta, Georgia; Averill A. Liebow, 
M.D., New Haven, Connecticut; Isadore 
Meschan, M.D., Winston-Salem, North 
Carolina; John E. Ravl, M.D., Gainesville: 
Florida; and Leo G. Rigler, M.D., Los 
Angeles, California, guest speakers, as well 
as outstanding members of the Staff of the 
University of Miami School of Medicine. 
The Director of the Course is Raymond E. 
Parks, M.D., Professor and Chairman of 
Radiology, University of Miami, and the 
Chairman of the Registration Committee 
is Robert F. Feltman, M.D. 

The Fontainebleau Hotel will send 
room reservation form to all registrants for 
accommodations at special rates that will 
apply for the period of the Course and one 
week preceding and following the Course. 
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THe RADIOLOGIC CLINICS or NORTH AMERICA: 
Recent CLINICAL Apvances IN Rapio.ocy. 
Volume I. Philip J. Hodes, M.D., Guest 
Editor. Cloth. Pp. 274, with many illustra- 
tions. W. B. Saunders Company, Philadel- 
phia, Pa., 1963. 


The newest addition to the journalistic style 
of writing in the field of radiology is “The 
Radiologic Clinics of North America;" it is the 
latest member of the “Clinics of North Amer- 
ica" series and, following the pattern of its 
predecessors, contains within the hardbound 
volume systematic review articles on a variety 
of subjects. 

The “Clinics” will be issued three times 
yearly. In general, each issue will be a sym- 
posium on a topic or topics by authors from a 
specific institution or radiologic group. This 
hrst volume is dedicated to Dr. Eugene P. 
Pendergrass, and has as guest editor Dr. Philip 
]. Hodes. 

The text of the first issue contains 274 pages 
and is liberally illustrated. A cumulative index 
will be presented in each issue allowing for 
ready accessibility to subject matter. 

An impressive array of authors have con- 
tributed to this first volume. They have re- 
viewed the current concepts of the subject 
matter and elaborated on their techniques of 
examination and their criteria for interpreta- 
tion. 

If the first volume is an example of further 
works, “The Radiologic Clinics of North 
America" promises to be a practical method of 
keeping up-to-date on recent radiologic ad. 
vances. 





F. J. AnNoLrp:, M.D. 


RONTGENDIAGNOSTIK UND RÓNTGENTHERAPIE 
DER ERKRANKUNGEN DES  ENDOKRINEN 
Systems. By Dr. I. Ispas and Dr. T. Roxin, 
Bukarest, Cloth. Pp. 275, with 116 illustra- 
tions. Price, Geb. DM 40.40. VEB Gustav 
Fischer, Verlag, Villengang 2 / Postschliess- 
fach Nr. 176, Jena, Germany. 


A monograph on the roentgenologic aspect of 


review int 





the endocrine system and its metabolic mani- 
festations is quite timely and should have given 
not only the authors an opportunity and stimu- 
lation, but should also interest and fascinate 
many clinicians and radiologists who are con- 
cerned with the clinical matters related to this 
area. 

The diagnostic part (author Dr. Ispas) gives 
a varied synopsis of the manifold diseases and 
abnormal conditions of the endocrine system 
and their roentgenographic appearance, with a 
brief discussion of the anatomic and physiologic 
background in each chapter. The description of 
the various conditions in which roentgen 
changes occur is adequately presented, but 
occasionally the correlation of diseases with 
multiple involvement of the endocrine organs is 
somewhat lacking in detail and is brief, presum- 
ably because of the rather strict anatomic back- 
ground which guides the various chapters of 
this book. An excellent bibliography, with 
many referrals to East-European and foreign 
authors whose literature is not available, or at 
least not easily accessible, to readers in this 
country, complements the diagnostic section. 

The therapeutie section (author Dr. Roxin) 
is much shorter, contains several deficiencies, 
and reflects ideas of past philosophy of radiation 
therapy and technical factors evidently due to 
lack of more modern facilities and equipment. 

As in the diagnostic section, the therapeutic 
approach is anatomic, based on diseases of 
organs, rather than on the complex problems as 
they affect the endocrine system as a whole 
in its interrelationship with other systems, 
One would take issue in this country with 
many of the suggestions and indications for 
radiation therapy recommended by the author, 
particularly in benign diseases such as bronchial 
asthma, and amenorrhea of various ovarian 
and hormonal malfunctions—only to mention a 
few among many not usually considered indi- 
cations for radiation therapv. 

To those familiar with the German language, 
this book will make an interesting addition to 
their library. 

H. PETER Mve rer, M.D. 
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BOOKS RECEIVED 


Diacnostica RADIOLOGICA DELLE MALFORMAZIONI 
CocENITE DELL’AppARATO DIGERENTE. By 
Michele Cesarini and Pietro Gugliantini. Cloth. 
Pp. 415, with 159 figures. Società Editrice Uni- 
verso, Via G. B. Morgagni 1, Roma, Italy, 1963. 

BIBLIOGRAPHY ON THE EPIDEMIOLOGY OF CANCER, 
1946-1960. Paper. Pp. 168, with more than 2,600 
references. Price, $3.25. World Health Organiza- 
tion, Geneva, Switzerland, 1963. 


STRAHLENSCHUTZ IN ForscHUNG UND Praxis. 
Volume 3. Edited by Hans-Joachim Melching, 
Freiburg; Hans Robert Beck, Karlsruhe; Hans 
Adolf Ladner, Freiburg, and Eberhard Scherer, 
Essen. Cloth. Pp. 331, with some illustrations. 
Price, Leinen. DM 58.80. Rombach & Co., 78 
Freiburg im Breisgau, Postfach 1349, Rosastrasse 
9, Germany, 1963. 

STUDIES IN ANGIOGRAPHIC TECHNIQUE. By Tord 
Olin, from the Roentgendiagnostic Department 
and the Institute of Physiology, University of 
Lund, Lund, Sweden. Paper. Pp. 110, with some 
illustrations. Hakan Ohlssons Boktryckeri, Lund, 
Sweden, 1963. 

CALCIFICATIONS OF THE Heart. By Jerome H. 
Shapiro, M.D., Attending Radiologist, Division of 
Diagnostic Radiology, Montefiore Hospital, and 
Associate Clinical Professor of Radiology, New 
York University Medical Center, New York; 
Harold G. Jacobson, M.D., Chief of the Division 
of Diagnostic Radiology, Montefiore Hospital, and 
Professor of Clinical Radiology, New York Uni- 
versity Medical Center, New York; Berta M. 
Rubinstein, M.D., Associate Radiologist, Division 
of Diagnostic Radiology, and Assistant Clinical 
Professor of Radiology, New York University 
Medical Center, New York; Maxwell H. Poppel, 
M.D., Professor and Chairman, Department of 
Radiology, New York University Medical Center, 
Director, Departments of Radiology, Bellevue and 
University Hospitals, and Consultant, Division of 
Diagnostic Radiology, Montefiore Hospital, New 
York; John B. Schwedel, M.D., Attending Phys- 
ician, Cardiology, Medical Division, Montefiore 
Hospital, and Assistant Clinical Professor of 
Medicine, Columbia University, College of Physi- 
cians and Surgeons, New York; and A Contribution 
on Cineradiography by Joseph Jorgens, M.D., 
Ph.D., Chief, Radiology Service, Veterans Admin- 
istration Hospital, Minneapolis, and Professor in 
Radiology, University of Minnesota Medical 
School, Minneapolis, Cloth. Pp. 198, with many 
illustrations. Price, $12.50. Charles C. Thomas, 
Publisher, 5301-327 East Lawrence Avenue, 
Springfield, Ill., 1963. 

RADIATION EFFECTS IN PHYSICS, CHEMISTRY AND 
Biorocv. Proceedings of the Second International 
Congress of Radiation Research, Harrogate, Great 


Books Received 


JANUARY, 1964 


Britain, August 5-II, 1962. Edited by Michael 
Ebert, Paterson Research Laboratories, Christie 
Hospital and Holt Radium Institute, Withington, 
Manchester; and Alma Howard, British Empire 
Cancer Campaign, Research Unit in Radiobiology, 
Mount Vernon Hospital, and the Radium Insti- 
tute, Northwood, Middlesex. Cloth. Pp. sro. 
Price, $15.00. Year Book Medical Publishers, Inc., 
35 East Wacker Drive, Chicago, Ill., 1963. 

Prooress เม GyNEcoLocv. Volume IV. Edited by 
Toe V. Meigs, M.D., Emeritus Professor of Gyne- 
cology, Harvard Medical School; Visiting Con- 
sulting Surgeon, Massachusetts General Hospital; 
Visiting Consulting Gynecologist, Vincent Me- 
morial Hospital, Boston; and Somers H. Sturgis, 
M.D., Surgeon (Gynecology), Peter Bent Brigham 
Hospital, Clinical Professor of Gynecology, Har- 
vard Medical School, Boston. Cloth. Pp. 676, with 
many illustrations. Price, $16.75. Grune & Strat- 
ton, Inc., 381 Park Avenue South, New York 16, 
N.Y., 1963. 

ZAHNARZTLICHE RóNTGENOLOGIE. By Dr. med. dent. 
Eberhard Paerschke, komm. Chefarzt der Zahn- 
und Kieferklinik der Medizinischen. Akademie 
Erfurt; and Medizinalrat Dr. med. Rolf Dietze, 
Chefarzi des Strahleninstitutes und der Strah- 
lenklinik der Kreiskrankenanstalten Gotha. Cloth. 
Pp. 154, with 176 illustrations. Price, Geb. DM 
19.80. VEB Gustav Fischer Verlag, Jena, Villen- 
gang 2 / Postschliessfach Nr. 176, Germany, 1963. 

DIFFERENTIALDIAGNOSE KONGENITALER HERZFEH- 
LER: Synopsis von RóNTGENBILD, ELEKTRO- 
KARDIOGRAMM UND PHONOKARDIOGRAMM. By Dr. 
Nikolaus Schad, Dr. Ralph Künzler, and Dr. 
Teoman Onat, Zurich. Cloth. Pp. 450, with 259 
illustrations. Price, Ganzleinen DM 110. Georg 
Thieme Verlag, Herdweg 63, Stuttgart-N / Ger- 
many, 1963. In the U.S.A, and Canada, Intercon- 
tinental Medical Book Corp., New York 16, N.Y. 


Neutron Dosimetry. Volume I. Proceedings of the 
Symposium on Neutron Detection, Dosimetry and 
Standardization held by The International Atomic 
Energy Agency, Atomic Energy Research Estab- 
lishment, Harwell, England, December 10-14, 
1962. Paper. Pp. 653, with many figures. Price, 
$13.00. International Atomic Energy Agency, 
Vienna, 1963. In the U.S.A. and Canada, Interna- 
tional Publications, Inc., 317 East 34th Street, 
New York 16, N.Y. 

Neutron Dosimetry. Volume II. Proceedings of 

- the Symposium on Neutron Detection, Dosimetry 
and Standardization held by The International 
Atomic Energy Agency, Atomic Energy Research 
Establishment, Harwell, England, December 10- 
14, 1962. Paper. Pp. 615, with many figures. Price, 
$13.00. International Atomic Energy Agency, 
Vienna, 1963. In the U.S.A. and Canada, Interna- 
tional Publications, Inc., 317 East 34th Street, 
New York 16, N.Y. 
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INDEX 


ROENTGEN DIAGNOSIS 
Heap 
Srratn, R. E.: Progressive communicating 
hydrocephalus following subarachnoid bleed- 
ing—a neurosurgical emergency........ adie 
POZNANSKI, A. K. and Manson, G.: Radio- 
graphic appearance of the soft tissues in the 


diencephalic syndrome of infancy......... 
NECK AND CHEST 


SNEIDER, S. E., Winstow, O. P., Jr, and 
Pryor, T. H.: Cervical diskography: is it 
อ บา ล ee TO 1 

Risg, B. A., and Eppy, W. M.: Calcification of 
carotid arteries: routine radiographs of the 
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Surron, D., and SaMUEL, R. H.: Thoracic aor- 
tography in intra-lobar lung sequestration.. 


ABDOMEN 
FiscugR, K. P.: How dependable is oral chole- 


Beck, |. T., Lacerre, M., and Rona, G.: 
Thermal injury of the stomach following 
intragastric colour cinematography........ 

McGee, A. R.: Radiological examination of 
Meckel’s diverticulum 

Fonraine, R. ef aL: Radiologic aspects of 
hpomas of the right colon................ 

Tucker, A. S, and Izant, R. J., Jre: How 
serious are gastrointestinal perforations in 
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Lewis, E. C.: Spontaneous perforation of the 
colon associated with gross surgical emphy- 
SOM ele 1 

FAIRGRIEVE, J.: Hirschsprung’s disease in the 
WG Eo 3+331171 ่ 0 ่ 

Moreno, A. H. e£ al: Functional hepatogra- 
phy: a study of the hemodynamics of the 
outflow tracts of the human liver by intra- 
parenchymal deposition of contrast medium, 
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STRAIN, RICHARD E. Progressive communicat- 
ing hydrocephalus following subarachnoid 
bleeding—a neurosurgical emergency. South. 
M. F, June, 1963, 56, 613-618. (From: 
Division. of 'eurosurgerv, 
Miami School of Medicine, Miami, Fla.) 
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Progressive deterioration following subarachnoid 
hemorrhage should suggest a com plicating g communi- 
cating hydrocephalus. Early recognition and proper 
neurosurgical shunt may be life-saving. Untreated, 
there is progressive ne urologic deficit and death may 
follow. This entity constitutes a real neurosurgical 
emergency, 

The surgical shunt, although life-saving, does not 
need to be permanent as pointed out by the author’s 
first of 2 cases. Presumably new channels of absorp- 
tion form or old ones begin to function again and the 
surgical shunt is not further necessary. 

In the past this entity has not been recognized and 
the deteriorating course has been ascribed to non- 
specific delayed effects of the original lesions, cerebral 


thrombosis or spasm following operation, instead of 


the progressive h ydrocephalus. —H. Robert Hittner, 
ALD. 


Poznanski, ANDREW K., and Manson, Gor- 
pon. Radiographic appearance of the soft tis- 
sues in the diencephalic syndrome of infancy. 
Radiology, July, 1963, 87, 101-106. (From: 
Department of Radiology, and Department 


of Pediatrics, Henry Ford Hospital, Detroit, 
Mich.) 


Tumors of the hypothalamic region in infants may 
cause a syndrome of profound emaciation, alertness, 


and euphoria. This is the diencephalic syndrome of 


infancy, first described by Russell in 1951. The in- 
fants are usually normal at birth, and muscular 
development and linear growth are unaffected. The 
marked emaciation contrasts strikingly with the 
bright, alert expression and a certain degree of eu- 
phoria, Awareness of the condition is important as 
frequently no signs of central nervous system disease 
are present until the later appearance of increased 
intracranial pressure. 

The authors have observed 4 cases of this syn- 
drome; in all 4 there was complete absence of sub- 
cutaneous fat. Roentgenograms of the extremities 
showed a soft tissue shadow of uniform density with- 
out any fat lines, even in 1 patient whose roentgeno- 
grams were obtained at low kilovoltage (30 kv.) with 
an industrial film for maximal contrast. This has not 
been observed bv the authors in any other condition, 
although it could conceivably occur in victims of 
extreme starvation.—Ra/ph Bowman, M.D. 
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SNEIDER, STANLEY E, WINSLOW, Otiver P., 
J&., and Pryor, T. HUNTER. Ce ervical disk- 
og! Lon is it relevant? JAMA.: July 20, 

(Address: Dr. S. E. 

8900 SW th street, Miami £6 

Fla.) 


Injection of an opaque medium such as diodrast 
into cervical intervertebral disks for roentgeno- 
graphic study of the disks was reported by Smith and 
Nichols in 1957. The reliability of the diagnostic 
procedure has bien doubtful. In an attempt to relate 
the symptoms of patients with neck injuries to disk- 
ography findings, the authors have studied the hospi- 

tal charts and roentgenograms of 56 patients. 

A total of 121 disks had been injected in patients 
ranging in age from 20 to 60 years. In the older age 
group 100 per cent of the disks studied were abnor- 
mal. In only 1 patient were all the disks injected 
normal, Extravasation of the contrast medium often 
occurred on the side opposite the symptoms. It was 
apparent that cervical disk disease is very common 
and is almost as prevelant in patients w ithout symp- 
toms as in those with symptoms. 

Diskography has little value in studving the symp- 


toms which persist following neck trauma.---Richard 
E. Kinzer, M.D. 


Rinc, B. ALBERT, and Eppy, Winston M. 
Calcification of c aoad arteries: routine radio- 
graphs of the chest. ¥.4.M.A., June 15, 1963, 

754, 866-869. (Address: Dr. B. A. Ring, Mary 
Fletcher Hospital, Burlington, Vt.) 


With proper technique the standard 6 foot postero- 
anterior roentgenogram of the chest usually yields 
satisfactory soft tissue detail of the cervical portion 
of the carotid arteries. This provides the basis for 
studying calcification of the carotid arteries. 

The authors reviewed 1,000 random cases of per- 
sons over 40 vears of age and found 216 individuals 
with carotid artery calcification. For corresponding 
age groups the calcification was more frequent in 
males than in females. 

In individuals over 80 years of age aortic arch 
calcification is practically universal and carotid 
artery calcification is found in 70 per cent. 

The calcification in the cervical portion of the 
carotid artery is roentgenographically more readily 
visualized because of its anatomic location, a portion 
of the common carotid artery and of the carotid sinus 
lying in the soft tissue free of bone structures. 

The significance of calcification of the cervical 
portion of the carotid artery in any individual case 
must be considered in light of the frequency with 
which this is to be expected in that particular age 
group. 

Extracranial calcification is usually found in the 
carotid sinus which ts an area most prone to degen- 
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erative change. The common carotid artery bifur- 
cates at the level of C3 interspace. Roentgenograms 
including the upper border of C4 will in most in- 
stances show the area of the carotid sinus. 

The carotid artery calcification was bilateral in the 
majority of instances. 

Carotid calcification in the absence of aortic calci- 
fication was uncommon. Since the aortic arch and the 
carotid sinus are possible sites of turbulent flow, 
similar factors of degenerative change leading to 
calcification may be present in both.—Edwin R. 


Da PIS จ M. D. 


Surron, Davip, and SAMUEL, RICHARD HAR- 
vey. Thoracic aortography in intra-lobar 
lung sequestration. Clin. Radiol., July, 1963, 
14, 317-321. (From: Radiological. Depart- 
ment, St. Mary's Hospital, London, W.2, 
England.) 


The authors describe 2 cases of intralobar lung 
sequestration in which the diagnosis was confirmed 
by thoracic aortography, and a third case where 
thoracic aortography ruled out sequestration. They 
state that the left lower lobe is affected twice as often 
as the right, other lobes being rarely involved. 

Plain roentgenograms of the chest reveal a rounded 
opacity usually situated in the area normally occu- 
pied by the posterior basal segment of the lower lobe. 
Should the sequestrated portion of the lung commu- 
nicate with the bronchial tree, cavitation may occur. 
Thoracic aortography in the presence of a sequestra- 
tion of the lung will disclose an anomalous vessel 
arising from the aorta, of large size, up to that of a 
renal arterv, supplying the involved area. 

Most of the patients are seen while still. young, 
usually before the age of thirty. Should these patients 
come to surgery, accidental section of the anomalous 
artery may lead to severe or even fatal hemorrhage. 
This indicates the importance of thoracic aortogra- 
phy in the diagnosis and preoperative investigation 
of such lesions.— Samuel G. Henderson, M.D. 


ABDOMEN 


Fiscugn, K. P. Wie zuverlässig ist heute die 
orale Cholezystographie? (How dependable is 
oral cholecystography today?) Fortschr. a. d. 
Geb. d. Rüntgenstrahlen u. d. Nuklearmedizin, 
April, 1963, 98, 461-465. (Address: Sohen- 
strasse 6, Baden-Baden, Germany.) 
Intravenous cholecystography with biligrafin is in 

some ways superior to the oral methods. There are, 

however, definite disadvantages. The risk of compli- 
cations is bigger and the examination is more time 
consuming. 

Vor a few years tri-iodated oral contrast media 
have been available. 

In 782 patients, biloptin (Schering) was used as 
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the oral cholecystographic medium with the purpose 
to compare the results with the efficiency of biligrafin. 
Ninety eight per cent of the normal gallbladders 
flled at the first oral examination. A repeat chole- 
cvstography in the nonfunctioning group with bili- 
grafin added only 2 per cent of normal functioning 
gallbladders. 

The efficiency quotient of the oral method there- 
fore as far as filling is concerned was 99.7 per cent.— 


Hans W. Hefke, M.D. 


Beck, Ivan T., Lacerre, Marcer, and Rona, 
Georce. Thermal injury of the stomach fol- 
lowing intragastric colour cinematography. 


Canad. M. A. Ja Aug. 3, 1963, 89, 216—218. 
(From: Department of Medicine [Su bdepart- 


ment of Gastroenterology] and the Depart- 
ment of Pathology, St. Mary's Memorial 
Hospital, Montreal, Quebec, Canada.) 


Development of a new gastroscope with excellent 


light transmission has made it possible to photograph 


the stomach in color. The authors report a complica- 
tion which has not been noted previously. 

The patient had had hematemesis. Roentgeno- 
graphic examination of the duodenum suggested an 
ulcer crater with a possible space-occupying leston 
surrounding this. No other abnormalities were seen. 

Endoscopic examination was performed. The 
fibrescope could not be passed beyond the pylorus 
and the duodenal lesion could not be inspected. An 
erosion in the fundus of the stomach was seen and 
photographed. The patient did not complain of dis- 
comfort. 

Laparotomy was performed the following day. A 
punched out ulcer of the duodenum surrounded by 
considerable edema was found. A subtotal gastrec- 
tomy was carried out. 

The removed specimen of the stomach showed two 
small ulcers, one of which was felt to be the peptic 
ulcer seen at endoscopy. The other showed extensive 
coagulation necrosis of the mucosa with marked 
capillary engorgement and inflammatory reaction. 
This change would be compatible with heat coagula- 
tion of the gastric wall. 

The authors suggest that in view of this possibility 
of injury care be exercised to avoid undue heating of 
the head of the fibrescope, particularly during the 
period of taking photographs.—-George L. Sackett, fr., 
M.D. 


McGee, Anprew R. Radiological examination 
of Meckel's diverticulum. Canad. M. A. 7., 
July, 1963, 89, 30-31. (From: Toronto East 
General and Orthopaedic Hospital, Toronto, 
Ontario, Canada.) 


This short case report emphasizes again that a 
roentgenologic examination carried out to demon- 
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strate a suspected Meckel’s diverticulum is an uncer- 
tain procedure. The lesion is rarely visualized on 
intestinal barium studies despite 
autopsies establishing it as one of the more common 


intestinal abnormalities. The reported frequency of 


its occurrence varies from 0.5 to 1.3 per cent. 

The flexibility and entr of ris structure predis- 
pose to torsion and narrowing of the lumen, which 
constitutes a serious hazard to health, In children 
bleeding is the most frequent symptom, while in 
adults obstruction and perforation are more common. 

Despite the frequent failures to demonstrate it, the 
occasional successful identification of this abnormal- 
ity warrants the relatively simple roentgenologic 
examination required.— Donald M. Monson, M.D. 
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lipomes du côlon droit. (Radiologic aspects of 


lipomas of the right colon.) 7. de radiol., 
d'électrol. et de méd. nucléaire, June-July, 
1963, 47, 407-412. (From: Clinique chirurgi- 
cale À, Strasbourg, France.) 


Lipomas may occur in any part of the colon; over 
half of them cause intussusception; in the others 


attention is usually drawn to them by palpation of 


a mass or by blood in the stools. 

In the authors’ 4 cases, 3 were in the cecum, and 
ileocolic intussusception occurred in all; the fourth 
was at the hepatic flexure, where intussusception also 
occurred. 

In these tumors roentgenologic study is not to be 
limited to the barium enema examination only, as the 
most evocative pictures of intussusception have been 
seen 7 hours after the oral ingestion of barium, at 
which time the last ileal loop is dilated, under ten- 
sion, and at a higher level than normally. If the 
barium enema is given at this time, it tends to reduce 
the intussusception, and the tumoral lacuna is seen. 


—Prank A. Riebel, M.D. 


Tucker, ARTHUR S., and Izanr, ROBERT f., 
Jr. How serious are gastrointestinal perfora- 
tions in infancy? Radiology, July, 1963, 87, 
112-122. (From: Departments of Radiology 
and Pediatric Surgery, University Hospitals 
of Cleveland and Western. Reserve Univer- 
sity School of Medicine, Cleveland, Ohio.) 


Twenty-six infants with evidence of gastrointesti- 
nal perforation were studied by the authors. These 
patients were seen at the Uni versity Hospitals of 
Cleveland in a ten-year period, 1952 through 1961. 
Objective roentgen evidence of the presence of liquid, 
solid, or gaseous material in a body cavitv was the 
criterion for inclusion in this study. 

Sites of perforation and survivals were as follows: 
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No. of patients No. of surcivals 
Esophagus 2 2 
Stomach ç E 
Duodenum 3 o 
Small Intestine b 3 
Large Intestine 7 4 
No site found 3 1 
Total 26 13 


In 3 patients, no site of perforation could be lo- 
cated, although 1 was carefully explored at laparot- 
omy and in the other 2 postmortem searches were 
made. The most prevalent underlving factor was 
prematurity, in 6 patients. Four infants experienced 
perforation postoperatively. Three patients had 
perforation as a result of barium enemas. 

The survival rate of so per cent is an encouraging 
indication that perforation in infancy may not be 
quite as serious as has previously been reported. =- 
d. IF. Sommer, M.D. 


Lewis, E. C. Spontaneous perforation of the 
colon associated with gross surgical emphy- 
sema. Brit. J. Surg., Mar., 1963, 50, £48-550. 
(From: Charing Cross ฑ์ London, 


W.C. 2, England.) 


The author reports a case of a 31 year old laborer 
with spontaneous perforation of the colon and surgi- 
cal emphysema. He reviewed the literature and found 
only 26 cases of spontaneous perforation of the colon. 
He also reviewed the literature on surgical emphy- 
sema and found only 36 cases. Therefore, the occur- 
rence of surgical emphysema following spontaneous 
perforation of the colon due to gross constipation in a 
man aged 31 years is worthy of comment. The pa- 
tient was operated upon 12 hours after admission but 
expired about 12 hours postoperativelv. No intraperi- 
toneal perforation was found. 
At ee the sigmoid aad was B y ire 


ekaia w sull: The Apex of f the s ex- 
tended to the spleen where an abscess was found 
around a retroperitoneal perforation between the 
leaves of the mesocolon. Surgical emphysema was 
present around the patient’s neck and shoulders and 
in the retroperitoneal tissue.—Roscoe E. Miller, M.D. 
VarRGRIEVE, J. Hirschsprung’s disease in the 
adult. Brit. F. Surg., Mar., 1963, 50, 506-514, 
( Address: Resident Si Officer, St. 
Mark's Hospital, London, England.) 


Only a few cases of proven Hirschsprung's disease 
in adults have been reported in the literature. The 
author notes that the condition is not so uncommon 
as generally supposed, and presents 7 proven adult 
cases seen at two London hospitals in the past 1 ๐ 
vears. Children with the milder form may remain 


relatively asymptomatic and the Hirschsprung's 
disease may go unrecognized until adult life. Why the 
lesion remains undetected in some children when the 
majority develop serious sy mptoms at an early age Is 
unknown, and apparently is not directly related to 
the length of the aganglionic segment. 

The age range was from 17 to 36 years; and all 7 
cases were males, which is in accordance with the 
recognized male predominance in children, No family 
history of similar difficulty was present. 

The clinical criteria for the diagnosis of adult 
Hirschspr ung's disease are: (1) long-standing consti- 
pation since birth or early infancy; (2) abdominal 
distention and often palpab le fecal masses in a pa- 
tient who is in good general condition; (3) rectal 
examination and sigmoidoscopy may reveal megarec- 
tum, or the rectum mav appear normal; (4) barium 
enema examination shows gross เต อ ย ตา and in 
some cases a definite coned segment. There may be 
delayed emptying of the colon. 

The pathologic criteria are: (1) absence of the 
ganglion cells in both the submucosal and myenteric 
nerve plexuses in the distal large bowel; (2) the pres- 
ence of abnormal hypertrophic nerve- fibers in both 
plexuses, the exact significance of which is in doubt; 

(3) dilatation and muscular hypertrophy of the colon 
the aganglionic segment. 

In all 7 cases the aganglionic segment involved 
only the rectum down to the level of the anal sphinc- 
ter, although the lower sigmoid colon showed a reduc- 
tion in the normal number of ganglion cells. 

In 3 cases the rectum was dilated down to the anal 
sphincter, resembling idiopathic megacolon and 
megarectum. The preoperative diagnosis could not 
be made on barium enema examination, and the 
rectal biopsy proved of greatest value in these cases. 
In 3 other cases a definite narrowed rectal segment 
was found by barium enema study, and in the sev- 
enth case the rectum was approximately of normal 
caliber. 

In the same 10 year period, a total of 36 cases of 
adult idiopathic megacolon and megarectum was 
seen, in which no aganglionic segment could be found 
either following rectal biopsy or after resection of the 
megacolon, The incidence of idiopathic to congenital 
megacolon in this small series is therefore about 671 
suggesting that the congenital form is more common 
than generally realized. 

Some of the various possibilities of treatment of 
the condition are briefly discussed.— John R. Dehner, 
M.D. 


Moreno, Aucusro H., Ruzicka, Francis F., 
Roussetor, Lovis M., BURCHELL, 
ALBERT R., Bono, RUDOLPH F., SLAFSKY, S. 
Freperick, and Burke, Jean H. Func- 
tional hepatography: a study of the hemo- 
dynamics of the outflow tracts of the human 
liver hy intraparenchymal deposition of con- 
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trast medium, with attempts at functional 
evaluation of the outflow block concept of 
cirrhotic ascites and the accessory outflow 
role of the portal vein. Radiology, July, 1963, 
81, 65-79. (From: Departments of Surgery 
d Radiology of the Saint Vincent’s Hos- 
pital of the ( of New York, and the New 
York University School of Medicine, New 


York, N. Y.) 


A physiologic study of the ovtflow tracts of the 
liver using intraparenchymal deposition of contrast 
medium was developed by the authors. The tech- 
nique of tlus procedure 1 is presented along with the 
results found in normal human subjects as well as in 
patients with hepatic and cardiac disorders. 

In the normal human subject the ty pical examina- 
tion showed one or more small hepatic vein branches 
immediately following the initiation of the deposition 
of the contrast medium. These branches promptly 
joined larger connecting trunks leading to a main 
hepatic vein which, in turn, delivered the medium 
into the inferior vena cava, where it became diluted 
bv the large volume of blaod flow in this vessel. When 
more than one secondary branch was seen entering a 
main hepatic vein, their individual jets contributed 
to the formation of characteristic streamlining phe- 
nomena. This streamlining and the low degree of 
opacification of the vascular structures were taken as 
an indication of the rapid rate at which blood is re- 
moved from the liver and delivered into the vena 
cava. Occasionally during the peak of the injecting 
pressure the contrast mi aterial would be forced into a 
portal vein branch against the normal incoming flow. 








'This momentarily brought the incoming flow in these 


vessels to a standstill and produced a more dense, 
sharply outlined appearance. With completion of the 
injection, the flow in the portal branches would re- 
sume Its normal direction and transport the medium 
into a normal sinusoidal phase. 

In cirrhotic patients the travel of the contrast 
medium from the deposit to the vena cava occurred 
just as rapidly as in the normal control group. The 
degree of opacification of vessels and streamlining 
were also similar, In some cirrhotic patients an ab- 
normal venovenous communication between the 
portal and hepatic vein system was noted. In an 
occasional rare case when obstruction of a main 
hepatic vein was noted the contrast material was 
promptly drained by other unobstructed hepatic 
veins that showed the rapid flow and streamlining 
characteristic of normal vessels, indicating compen- 
sation over the obstructive process. In cirrhotic 
patients with associated ascites the venous phase of 
medium removal was as in the other cirrhotic pa- 
tients. There was, however, an unexpected removal 
of medium by the efferent lymphatic system of the 
liver in most of these ascitic patients. These lympha- 
tic vessels were seen as tortuous, interlacing, beaded 
structures traversing the hepatic parenchyma to 
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reach the hilus of the organ, the gastroduodenal 
ligament, and the area of the cisterna chyli. This 
visualization took place in cases where obstruction to 
hepatic outflow appeared to be as well compensated 
as in cirrhotic patients without ascites. In patients 
with an end-to-side portacaval shunt removal of the 
medium was as in the other patients. In those with a 
side-to-side shunt the removal of the contrast sub- 
stance was by both the hepatic veins and the main 
portal vein. 

In patients with congestive heart failure the hepa- 
tic veins drained the medium at a considerably slower 
rate, evidenced by the more marked opacification of 
the vessels, their sharp outline, and the complete lack 
of streamlining phenomena. Additionally the inferior 
vena cava opacified in its entire diameter and also 
diffused in a caudal direction to reach the level of the 
renal veins. Following adequate therapy correcting 
the congestive failure the normal drainage pattern 
was again seen. 

The authors feel that at the present stage in these 
investigations it appears that intraparenchymal 
deposition of contrast medium may be a valid 
method for the functional study of the outflow tracts 
of the liver. The direction and speed of flow, patterns 
of hepatic venous drainage, alternate and accessory 
outflow routes amply demonstrate the hemodynamic 
events induced by disease. As a result of these find- 
ings new working hypotheses were formulated and a 
series of animal experiments were started to study 
the etiopathogenesis of cirrhotic and cardiac ascites. 
A brief discussion of these experiments is also pre- 
sented.-—Donald N. Dysart, M.D. 


FREUND, U., GREILING, H., and Dintmann, W. 
Pseudoproteinuria after oral cholecystogra- 
phy. German Med. Monthly, July, 1963, 8, 
283-284. (From: Rheumatism Clinic and the 
Research Institute for Rheumatism of the 
State Insurance Institute of the Rhine- 
Province, Aachen, Germany.) 

Of 23 patients examined with the oral contrast 
medium osbil, a substance appeared in the urine 
which could be identified by a test indicating pro- 
teinuria. However, further studies revealed that it 
was not an actual protein substance. 

The authors describe several methods of examina- 
tion of the urine in patients who have had gallbladder 
contrast medium administration. The findings of 
urinalysis, therefore, should be interpreted with 
caution 1f carried out shortly after ingestion of these 
substances.— David C. Alftine, M.D. 


GYNECOLOGY AND OBSTETRICS 


BORELL, U., Fernström, I., and Onrsow, L. 
Diagnostic value of arteriography in cases of 
placenta previa. Am. J. Obst. © Gynec. 


June 15, 1963, 86, 535-547. (From: Women's 
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Clinic and the Department of Diagnostic 
Roentgenology, Karolinska Sjukhuset, Stock- 
holm, Sweden.) 


Arteriography permits the determination of the 
placental position irrespective of the type of pre- 
sentation, maturity of pregnancy, or the presence of 
polyhydramnios. In the present investigation the 
arteriographic diagnosis was in accord with the 
clinical diagnosis in the majority of the cases (g7 per 
cent). Arteriography was performed on many pa- 
tients in this series at a stage of pregnancy in which 
neither vaginal palpation, cystography, nor soft 
tissue roentgenography would have enabled the cor- 
rect diagnosis to be made. 

It is advisable to avoid the performance of arteri- 
ography during uterine contractions because it was 
found that they may prevent satisfactory filling of 
the intervillous spaces and this may result in incor- 
rect interpretation of the arteriographic appearance. 
As uterine contractions may be painless and are then 
difficult to diagnose, it is expedient to give the pa- 
tient a relaxant prior to the examination. 

The aim was to obtain filling of the ovarian arteries 
in addition to the uterine arteries in cases in which 
placenta previa was suspected. The catheter was in- 
troduced 3o cm. instead of 17 cm. The tip of the 
catheter then generally lies at the level of the point of 
origin of the ovarian artery from the aorta. The con- 
trast medium was a 60 per cent solution of urografin; 
7o ml. was injected within 2 to 3 seconds. Two antero- 
posterior roentgenograms of the abdomen were taken 
first. If intervillous spaces were demonstrated within 
the true peivis another 7o ml. of the contrast medium 
was injected and the lateral roentgenogram of the 
pelvis was taken. 

The lateral roentgenogram is of the utmost diag- 
nostic importance since it determines whether the 
placenta is implanted on the anterior or posterior 
wall. Knowledge of this point is essential for the 
localization of the lower boundary of the placenta 
within the lower uterine segment. 

Maternal mortality was nil, and the perinatal 
death rate was 17 per cent.— E. 'Y. McDonald, M.D. 


Martin, RICHARD D., and MATTHEWS, GLENN 
B. Uterine phlebography in 2 cases of ab- 
dominal pregnancy. 4m. J. Obst. อิ ว Gynec., 


University College of Medicine and Jefferson 
Davis Hospital, Houston, Tex.) 


Two cases of abdominal pregnancy are presented 
in which uterine phlebography was performed im- 
mediately prior to operation to confirm the clinical 
diagnosis. 

The authors point out that evidence of fetal death 
must be present, both clinically and roentgenogra- 
phically, before attempting uterine phlebography. 
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They state emphatically that they do not recom- 
ment the routine use of the uterine phlebography in 
the diagnosis of a suspected case of abdominal preg- 
nancy. In these 2 cases, the procedure was performed 
because of interest in uterine phlebography. 

The technique for this procedure has been de. 
scribed by others and is not described in this article. 
—E. T. McDonald, M.D. 


Ramsey, ELIZABETH M., Corner, GEORGE W., 
JR., and Donner, Martin W. Serial and 
cineradioangiographic visualization of ma- 
ternal circulation in the primate (hemo- 
chorial) placenta. 4m. F. Obst. (9 Gynec., 
May, 1963, 86, 213-225. (Address: 115 W. 
University Parkway, Baltimore 10, Md.) 


The authors have studied maternal circulation in 
the primate placenta (rhesus monkey) during vari- 
ous stages of gestation by means of retrograde 
aortography. They believe that the results of this 
study have direct application to the human placenta. 

Maternal blood was demonstrated, by cineradi- 
ography, to enter the intervillous space from the 
endometrial spiral arterioles, not all of which are 
patent simultaneously. Flow of blood into the inter- 
villous space is regulated primarily by intrauterine 
pressure (strong contractions may totally impede 
blood flow through the spiral arterioles); the pattern 
of uterine contractility; and the contour of the in- 
dividual contraction wave. The mixture of blood in 
the intervillous space was demonstrated to be non- 
homogenous. 

The following clinical applications have been sug- 
gested: (1) during uterine angiography, "any pla- 
centa failing to show characteristic patterns of 
arterial entry to the intervillous spaces must have 
been roentgenographed during a phase of uterine 
contraction or else must be the seat of extensive 
pathology"; and (2) biochemical analysis of inter- 
villous space blood and placental blood removed dur- 
ing labor must be undertaken in light of the know- 
ledge now available regarding placental circulation 
and its relation to uterine contraction.—7oÀn H. 
Harris, M.D. 


CUTHBERT, R., and Speirs, A. L. Thalidomide 
induced malformations—a radiological sur- 
vey. Clin. Radiol., April, 1963, 74, 163-169. 
(From: Stirling Royal Infirmary and Falkirk 
and District Royal Infirmary, Scotland.) 


Malformations occurring in 16 babies born of 
mothers who had taken thalidomide between the 
38th and 54th days after the first day of the last 
menstrual period are summarized. Of the 16, 6 sur- 
vived, 3 were still born, and 7 lived for a period of 3 
to 7 days after birth. 

Features which are regarded as characteristic of 
the thalidomide syndrome include the following: 

I. Triangular shaped scapulae with long scapular 
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spines resulting from nondevelopment of the lateral 
bar and blade of the scapula, glenoid and coracoid 
processes. The absent areas of bone are the sites of 
origin of limb muscles having attachment to the 
humerus—teres major and minor, infraspinatus, sub- 
scapularis, biceps and coraco-brachialis. 

2. Bilateral absence of radius and thumb, with 
manus varus deformity. 

3. Absence of the superior and inferior pubic rami 
and symphysis, and no evidence of acetabular for- 
mation. Ínnominate bones and ischia show an in- 
verted appearance. Ábsent areas of bone in the pelvis 
are the sites of origin of muscles normally inserted 
into the femur—pectineus and the adductors. 

4. Apparent absence of femora and fibulae with 
fore-shortening of the extremity and thickening of 
pelvic tissues. 

5. Femora represented by short masses of bone of 
rectangular shape. 

6. Flexion deformity of the feet related to absent 
fibulae. 

7. Bowing and angulation of the long bones, with 
skin dimples present over the angles. 

It is thought that many of the deformities may be 
explained by. a defect in outgrowth or migration of 
mesenchyme, from which the limbs, auricles, ap- 
pendix, septa of the ventricles and truncus arteriosus 
all develop. Another possibility is that thalidomide 
may interfere with the motor neurones, and so have 
a dystrophic action on the migratory developing 
tissues of the limb.—S$amuel G. Henderson, M.D. 


RicHART, RALPH, and BENIRSCHKE, KURT. 
Holoacardius amorphus: report of a case with 
chromosome analysis. Am. F. Obst. €9 Gynec., 
June 1, 1963, 66, 329-332. (From: Division of 
Academic Pathology, Department of Path- 
ology, Medical College of Virginia, Rich- 
mond, Va., and the Department of Path- 
ology, Dartmouth Medical School, Hanover, 
N. H.) 


Severe congenital anomaly syndromes have been 
described in recent years in association with chromo- 
somal aberrations, most commonly trisomy of one of 
the autosomes. It is currently held that these chromo- 
somal aberrations are directly responsible for the 
abnormal development. Because of the type and 
severity of this acardiac malformation, it was well 
suited to be included in a list of diseases whose pos- 
sible etiology may lie in observable changes in 
chromosome number or morphology. 

Forty-six normal chromosomes were found in mi- 
toses of cells in a tissue culture obtained from an 
acardiac monster. This finding is interpreted as sup- 
porting the concept that this anomaly is secondary 
to chance vascular communications in the placenta. 
The XY sex chromosomes correspond to the sex of 
the associated normal twin and support previous 
findings of isosexual relations of such twins. 
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Four well-spread complete plates were obtained, 
photographed and karyotvped. In each plate the 
chromosome number was 46 and the karyotype was 
indistinguishable from that of a normal male. The 
chromosomes of the normal twin were not examined. 
—E. f. McDonald, M.D. 


Heinen, G., and Scui'sster, R. A new method 
of uterine phlebography and its diagnostic 
significance. German Med. Monthly, July, 
1963, $, 271-273. (From: Gynaecological 
Department and the Radiological Institute 


burg/Saar, Germany.) 


Contrast studies which depict the course of the 
pelvic vessels are useful in the diagnosis of gyneco- 
logic disorders. A visceral and a parietal venous 
sytem is described. The parietal venous sytem of the 
pelvis may be demonstrated with facility by several 
methods; że., injection via the leg veins, vena cava, 
hemorrhoidal veins, or by the intra-osseous route 
into the pubis, ischium, or iliac crest. However, the 
vasculature of the internal genital organs is not opti- 
mally demonstrated by these techniques; satisfactory 
phlebograms of the visceral portion of the pelvic 
system are best achieved by the injection of the con- 
trast material directly into the uterine wall. The 
authors have devised an instrument for this proce- 
dure which is described and illustrated. The features 
of the apparatus assure even, symmetric venous 
filling and reduce the hazard of uterine perforation. 

After a uterine sounding, the instrument is ad- 
justed so that the 4 needles penetrate the myome- 
trium to a depth of 3 to ; mm, Tissue permeability is 
increased by the instillation of hyaluronidase, and 
then 20 ml. of a 46 per cent solution of urografin is 
injected slowly. One film is exposed near the end of 
the injection period, another 20 seconds later. 

This technique is most useful in the diagnosis of 
gynecalogic disorders which affect the venous system 
of the internal genitalia such as pelvic varicoceles 
which are characterized by symptomatic varicosities 
in and about the broad ligament. So called “pelvic 
congestion,” related to neuromuscular and vascular 
dysfunction, 1s usually manifested by increased 
venous filling and retarded emptying of uterine veins. 
This disorder may also be assessed by this method. 
The procedure helps in the evaluation of pelvic tu- 
mors and serves to differentiate uterine from ovarian 
masses. The use of pelvic visceral phlebography in 
patients with suspected thrombosis would seem to be 
of great dignostic value, but the authors have consid- 
ered the procedure too hazardous to attempt. 

Certain pitfalls in the evaluation of the phlebo- 
grams are described. Spurious abnormalities may be 
produced by the layering phenomen or by vascular 
spasm. Transient venous obstruction due to uterine 
contraction is occasionally encountered. The use of 
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general anesthesia and spasmolytic agents improves 
the technical quality of the study. 

There are illustrations depicting the appearance of 
the normal uterine phlebogram and examples of 
various pathologic states.— Jack Reynolds, M.D. 


GENITOURINARY SYSTEM 


Winter, CHESTER C., and BEYER, JOHN. 
Surgical renography. 7. Urol, May, 1963, 
$9, 755-758. (From: Division of Urology, De- 
partment of Surgery, Ohio State University 
Medical Center, Columbus, Ohio.) 


With certain modifications, standard isotope 
renography for the determination of kidney function 
can be accomplished during surgical procedures upon 
the kidneys. Using hippuran taged with 195 instead 
of the customary I, the authors have been able to 
adapt a small transistorized scintillation counter 
with a crystal, 0.2 cm. thick and 1.2 cm. in diameter, 
and an oval brass collimator, 2 mm. thick. This col- 
limator can be adapted to cover one-third to the en- 
tire kidney, With 2 or 3 similar probes lashed to- 
gether individual segments of the kidney can be 
tested. 

In practice, during surgery, these probes are 
covered by a sterile plastic bag. The probes are con- 
nected to a recorder through a rate meter, which will 
allow a strip chart tracing for 15 to 20 minutes. 

Surgical renography by this method has been per- 
formed in 24 patients and examples of the tracings 
are included in this article, Only one renogram in this 
series corresponded to the conventional normal reno- 
gram tracing in that it showed the three phases: the 
initial vascular spike, the secondary functional rise, 
and the terminal evacuation segment. The remain- 
ing surgical renograms showed the first two segments 
but not the third within the time limitation of 20 
minutes. Certain. alterations of renal function and 
urine formation which are secondary to general 
anesthesia are mentioned. 

Perhaps the most practical application of surgical 
renography is the evaluation of the contralateral kid- 
ney during surgical attack upon a diseased organ. 
With renography available, this may be done at the 
operating table. 

Segmental renal disease may also be evaluated at 
the time of surgery and the final decision as to 
whether to do a total or partial nephrectomy can be 
made at the operating table. 

Eight figures illustrate the equipment and the 
tracings. George W. Chamberlin, M.D. 


Wooprurr, Marvin W., KIBLER, RAYMOND S., 
BENDER, Merritt A., and Brau, MONTE. 
Hg-203 neohydrin kidney photoscan: an ad- 
juvant to diagnosis of renal disease. 7. Urol., 
May, 1963, 89, 746-752. (From: Departments 
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of Urology and Nuclear Medicine, Roswell 
Park Memorial Institute, Buffalo, N. Y.) 


The mercurial diuretic neohydrin labeled with 
He?* is better suited for investigation of the kidneys 
than I8 contrast media because of the binding effect 
of mercury to the sulfhydril group of the enzyme sys- 
tem found in the renal tubules. This results in a more 
prolonged selective concentration of the isotope 
within the kidneys. In addition, the small amount of 
Hg? labeled neohydrin required for this procedure 
supplies a monoenergetic gamma ray emission which 
lends itself to better resolution of the photoscan. Pa- 
tients to be scanned receive 150 uc Hg*® chlormero- 
drin intravenously. The renal photoscans are per- 
formed 2 hours following injection. This coincides 
with the period of maximum deposition of the isotope 
material within the kidney. The patient 1s placed in 
the prone position and the usual radioisotope scanner 
is used. | 

The patients studied included those with renal 
tumor, renal cyst, chronic renal disease, congenital 
anomalies, hydronephrosis, renal vascular disease, 
compensatory hypertrophy, calculus disease, and 
normal individuals. 

As a result of experience in 78 patients who have 
been subjected to mercury photoscans as an adju- 
vant to the other investigations of urinary tract dis- 
ease, the authors have found that this procedure is 
most valuable in two general groups. Patients with 
renal disease processes causing specific areas of renal 
parenchymal destruction will demonstrate an area of 
decreased uptake on the scan as noted particularly 
with tumor and vascular disease. Patients with 
anomalies of form, size, and number can be verified 
by demonstration of normal Hg? neohydrin uptake 
thus ruling out a space-occupying lesion. Failures of 
this technique are primarily related to those ab- 
normalities where there has been extensive renal 
function deterioration and insufficient parenchyma 
remaining for good renal delineation. 

Ten composite figures are presented to illustrate 
the-findings in this article.—George W. Chamberlin, 
M.D. 


Tarpos, R. Etude radiologique des lésions 
urétérales et rénales de la bilharziose urinaire. 
(Radiologic study of the ureteral and renal 
lesions of urinary bilharziosis.) 7. de radiol., 
d'électrol. et de méd. nucléaire, March-April, 
1963, 44, 187-190. (From: Service Central 
d'Electroradiologie de l'Hópital du Val-de- 
Gráce, Toulouse, France.) 


Bilharziosis is a disease caused by Schistosoma 
haematobium (Bilharzia). It 18 endemic in many parts 
of Africa, Madagascar, Egypt and certain areas in 
the Near East. It is also found occasionally in 
Southern Europe, in the south of Spain and Portugal. 

The disease in France is encountered among 
Europeans who have been exposed to the disease 
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while living overseas and among Africans who live in 
Metropolitan France. (Tropical diseases are not a 
ranty in the United States. They may be found 
among Americans who were living abroad as well as 
among foreigners who are traveling through or re- 
siding in this country. With a high incidence of sus- 
picion we should be able to discover many tropical 
diseases among residents of the United States which 
otherwise pass unnoticed. Abstractor's comment.) 

The Schistosoma haematobium enters the body by 
the alimentary tract, especially in drinking water or 
through the skin of persons bathing or wading bare- 
footed in infested waters. The parasite gains access 
to the venous system and finally lodges in the wall - 
of the urinary bladde- as well as the ureters. 

The submucosa of the bladder is infested with 
eggs of the parasite; it is studded with characteristic 
whitish spotty elevations as seen during cystoscopy. 
These may cause scar formation, fibrosis and some- 
times calcification. In the ureters, however, the para- 
sites invade not only the mucosa and submucosa but 
the muscularis as well. This results in alteration in 
the caliber, contour and course of the ureters with 
tortuosity, strictures, fibrosis and proximal dilata- 
tion, expecially hydronephrosis of the kidney. 
Calcifications may be present in the walls of the 
ureters. 

Contrary to prevalent opinion that the parasites 
most frequently invade the bladder—based on a re- 
view of the recent literature as well as the experience 
with his own 30 cases—the author stresses the im- 
portance of involvement of the ureters. By the same 
token, in addition to the plain roentgenogram which 
may reveal calcifications along the course of the 
ureters or in the bledder wall, he emphasizes the 
importance of intravenous urography as a significant 
roentgenologic procedure in evaluating the renal 
pelvis and ureters. Examination of the bladder may 
be performed as part of excretion urography or by 
direct cystoscopy. 

Eleven reproductions of selected roentgenograms 
from the 30 cases observed by the author accompany 
this article —William H. Shehadi, M.D. 


SOIFER, Epcar, and Marouries, MILTON. 
Visualization of infiltrating tumors by peri- 
vesical gas insuffiation. 7. Urol., May, 1963, 
89, 759—762. (From: Kings County Hospital, 
Department of Surgery, Division of Urology, 
Brooklyn 3, N. Y., and State University of 
New York, Downstate Medical Center, De- 
partment of Surgery, Division of Urology, 
Brooklyn 3, N. Y.) 


The patient is placed on the laminagraphic table 
in the supine position. Intravenous demerol is used 
for analgesia. A catheter is inserted into the bladder 
and after the bladder has been drained approxi- 
mately 200 to 300 cc. of air or carbon dioxide is in- 
jected. The patient’s knees are flexed and a 4 inch 
No. 9 needle is inserted in the midline of the perineum 
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and is directed by a finger placed in the rectum. The 
needle is first directed to the right, lateral to the 
prostate, and just distal to the bladder neck. Two 
hundred cc. of carbon dioxide is injected. The needle 
is then partly withdrawn and directed to the left 
lateral aspects of the prostate at the same level 
and another 200 cc. of carbon dioxide is injected. Two 
minutes later anteroposterior and oblique Jamina- 
grams are made. The carbon dioxide around the 
bladder is rapidly absorbed. 

Of 17 patients studied in this manner, 12 had 
cystoscopic evidence of a bladder tumor proven by 
biopsy. The remaining § patients were controls and 
had no evidence of bladder tumors. By employing 
this technique, the authors were able to visualize 
intravesical protrusion and also extravesical exten- 
sion of the bladder growth in 10 of the 12 patients. 

The authors prefer this method to the prevesical 
injection of carbon dioxide, because most of the 
tumors are located in the bladder base or floor. They 
feel that this technique is probably more efficacious 
than the prevesical contrast injection since it results 
in satisfactory contrast of the bladder base as well as 
the posterior, lateral and anterior walls of the 
bladder. Carbon dioxide is used due to the fact that 
it is less dangerous than oxygen for prevesical injec- 
tion. 

Four roentgenographic reproductions and dia- 
grams are presented to illustrate the procedure.— 
George IF. Chamberlin, M.D. 


FAM, Azia. Pericystitis and its simulation of 


malignant disease of the bladder. Bri. 7. 
Urol., June, 1963, 35, 166-168. (Address: 


Cairo University, Cairo, Egvpt.) 


This report is from Egypt. The high incidence of 
bilharzial involvement of the lower urinary tract 
causes many cases of pericystitis which may be diffi- 
cult to differentiate from malignant bladder tumors. 

Bilharzial ova are first deposited in the bladder 
wall, and cause a foreign body reaction which ex- 
tends outward into the surrounding soft tissue. Sec- 
ondary infection usually occurs. The loose cellular 
tissue around the bladder becomes thick and fibrotic. 
Fistulae may develop. Bladder defects are produced 
which may mimic primary tumors. 

The differential diagnosis is difficult. Roentgen 
examination may be helpful. On a plain roentgeno- 
gram the outline of the calcified bilharzial bladder 
shows indentations along the wall, whereas in carci- 
noma the calcification may be irregular, blotchy, and 
vary in density. Cystograms may show similar 
changes. A filling defect with a regular edge favors 
pericystitis, Cystoscopy also may be helpful or diag- 
nostic, 

In the author's series of 171 cases of pericystitis, 
7g per cent were due to benign bifharzial involve- 
ment.—George L. Sackett, Fr, MD. 


WiGHTMAN, J. A. K. Genito-urinary aspects of 
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Marfan’s syndrome with case report. Brit. 7. 
Urol., June, 1963, 25, 143-146. (From: The 
Royal Hospital, Sheffield, England.) 


Marfan's syndrome (arachnodactvlv, congenital 
subluxation of the lens, and cardiovascular abnor- 
malities) has been explained on the basis of a heredi- 
tary disorder in the development of connective tissue. 
Other less constant abnormalities associated with 
this syndrome suggest that the causative factor may 
also be in the development of structures of meso- 
dermal origin rather than connective tissues alone. 

Genito-urinary abnormalities appear with consid- 
erable frequency and patients with Marfan's syn- 
drome should probably be evaluated for such abnor- 
malities. 

If a mesenchymal disorder 1s responsible, abnor- 
malities in dentition and muscular development 
might also be suspected and it is recommended that 
attention be paid to this aspect. 

The author reports a 17 year old male with Mar- 
fan’s syndrome who developed torsion of the testis on 
each side on separate occasions. Intravenous pyelo- 
grams also showed rotation of the left kidney. 
George L. Sackett, Jra, M.D. 


Woop, CoriN, and BorGes, Francis J. Peri- 
muscular fibrosis of renal arteries with hyper- 
tension. A.M.A. Arch. Int. Med., July, 1963, 
112, 79791. (Address: Dr. Colin Wood, De- 
partment of Pathology, University of Mary- 
land School of Medicine, 31 S. Greene 
Street, Baltimore 1, Md.) 


The authors report in detail the clinical, labora- 
tory, and pathologic findings in 3 voung women with 
perimuscular fibrosis of the renal arteries and hyper- 
tension. 

The pathologic lesion was concentric hyaline fibro- 
sis of the outer media and external elastic laver. The 
fibrosis was perimuscular in each of over £00 sections 
of the renal arteries in these cases. The muscular 
layer of the markedly fibrotic arteries was thin where 
the fibrous band was thickest, perhaps secondarv to 
the ischemic atrophy of the underlying muscularis. 
The abnormality involved the main renal arteries 
and extended into the primary branches, especially 
the anterior branch, but not into the subdivisions. 
One patient died a year after surgery and had the 
same lesion in 2 aberrant arteries to the opposite 
kidney, although fibrosis was not found in any other 
artery. 

Retrograde femoral arteriography in 2 cases re- 
vealed irregularity and narrowing of the renal arter- 
ies without well-defined “beading” as seen in fibro- 
muscular hyperplasia. 

The etiology of perimuscular fibrosis remains 
unknown. Endocrine factors, previous arteritis, and 
collagen disease have been suggested but the findings 
in the authors’ cases did not support any of these as 
causative agents. 
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The 3 patients were treated by unilateral nephrec- 
tomy. The extension of the lesion from the main renal 
artery into the anterior branch was a cause of diffi- 
culty in bypass grafting. There was relief of hyper- 
tension in 1 case with a 6 month history of hyperten- 
sion and no evidence of involvement of the opposite 


kidney by radioisotope renogram or differential 
clearance studies. illiam F. Miller, M.D. 


RosENTHALL, LEONARD. The usefulness of renal 
scanning as an adjunct to excretory urogra- 
phy. F. Canad. A. Radiologists, June, 1963, 
14, 76-83. (From: Montreal General Hospi- 
tal, Montreal, Quebec, Canada.) 


Renal scanning with radioactive mercury-tagged 
neohydrin is a rather new test, but already it has 
become an important one. The author has employed 
neohydrin labeled with Hg?9 in his reported study. 
This tracer yields a rather high dose of approximately 
5 rads to the kidneys with the usual tracer dose of 100 
microcuries. Recent experience of a number of inves- 
tigators suggests that neohydrin tagged with Hg!’ 
affords information as good with considerable reduc- 
tion in patient dose. 

For scan studies the author has employed a com- 
mercial scanner with focusing collimator, and appar- 
ently uses a background erase circuit such as that 
devised by MacIntyre and Houser. His records are in 
the form of solenoid print scans. Areas of usefulness 
in the reported material include the detection of 
space-occupying lesions, detection of altered func- 
tion, and identification of renal size and shape. 
Twelve cases are described, and are liberally illus- 
trated with urograms, renal arteriograms and scans. 
Some of the conclusions drawn from the scans are not 
very well supported by the illustrations, but perhaps 
the material has suffered by the small size of the 
reproductions. Also, the roentgenograms are printed 
in the usual way, with the patient's right to the 
reader's left, while the scans are printed in the scan 
position with the patient's right to the reader's right. 
This makes it somewhat difficult to relate scan data 
to the roentgenograms, but despite these disadvan- 
tages the published material is of good quality, and 
represents a contribution to the growing literature on 
renal scanning which should be read by everyone who 
employs this interesting test.—Frederick F. Bonte, 
M.D. 


KónHrEeR, R. Correlation between vascular 
supply to the kidney and excretion as shown 
by urography in renal tumours. Radio/. clin., 
1963, 32, 100-111. (Address: Daserng 2 B, 
Helsinki, Finland.) 


In the diagnosis of renal tumors by urography it 
has been thought that there was some correlation 
between the amount of tumor-destroyed parenchyma 
and reduced concentration of the contrast medium. 
However, inconsistencies have been observed and the 
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author carried out an analysis of his cases to deter- 
mine this. 

From 1951 to 1961, he found that there was incom- 
plete correlation between the amount of parenchyma 
destroyed and the reduced contrast density in 24 
kidneys of 78 cases of renal carcinoma examined 
urographically and at the same time angiographi- 
cally. The contrast density at the juxtaureteral con- 
fluence was assessed by comparison with the other 
side. The amount of renal parenchymal destruction 
was estimated on the nephrographic phase of angi- 
ography and all cases were verified histologically. 

Further analysis revealed inconsistencies in 3 
groups. In the first group of cases, 3 had parenchymal 
destruction exceeding 2 of the renal volume and 15 
had 4 to ł loss of volume with unimpaired contrast 
density despite extensive destruction by tumor. The 
significant feature was that the remaining paren- 
chyma had a good arterial supply and the outflow 
from the kidney was not obstructed. A second group 
of 4 cases showed reduced contrast despite inconsid- 
erable tumor destruction. The reduced contrast in all 
these cases was caused by obstruction of the renal 
outflow. Secondary to the obstruction, a decrease in 
vascularization occurred which was not due to tumor 
destruction. The third group consisted of 2 kidneys 
which showed no excretion of the contrast medium 
despite only slight tumor involvement. These kid- 
neys were also obstructed due to secondary infection 
and the tumors were not diagnosed preoperatively. 

The conclusion is reached that renal excretion of 
contrast material depends not only on the quality 
and amount of the renal parenchyma, but also on the 
intrapelvic pressure and the blood flow. Conse- 
quently, slight or no excretion can occur with a small 
tumor and good excretion with an extensive one. 
Thus urography appears to have the drawback of 
indirect diagnosis, while angiography is capable of 
establishing not only the nature of the tumor but also 
the volume and nutrition of the unaffected renal 
parenchyma. The 2 cases with no excretion consti- 
tuted an exception in that angiography failed to 
reveal the malignancies because of vascular changes 
secondary to stasis and infection which could not be 
distinguished from a very small tumor.—/f. Ray- 
mond Brooker, Jr., M.D. 


Yasky, Jurio, and VorpÉ, ROBERT. An assess- 
ment of the "radioactive renogram" using o- 
iodohippurate sodium (hippuran) labelled 
with radioactive iodine. Canad. M. A. F., 
May 25, 1963, 88, 1055-1064. (From: De- 
partment of Medicine, and Isotope Labora- 
tory, St. Joseph’s Hospital, Toronto, On- 
tario, Canada.) 


Isotope renography was first performed by Winter 
in 1956 using P™ labelled iodopyracet (diodrast). 
This substance was not satisfactory because some of 
it was taken up by the liver making localization on 
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the right side difficult, and often yielding spurious 
results. Later P”? todohippurate (hippuran) was 
employed. This is also virtually cleared from the 
plasma on one passage through the kidnevs by com- 
bined glomerular filtration and tubular excretion, but 
itis not taken up by the liver. 

Instrumentation for isotope renography includes 2 
identical scintillation counters, count rate meters, 
and strip chart recorders. The examination is carried 
out in the prone position with the patient. well hy- 
drated. A small test dose is given and the probes are 
accurately localized in the renal area of highest ac- 
tivity. The recorders are equilibrated by suppressing 
background and the full test dose administered. A 
record is obtained for 20-25 minutes with a recorder 
speed of 12 inches per hour. 

The record obtained has three characteristic seg- 
ments: the initial uptake, the secretory segment, and 
the excretory phase. The initial uptake phase was 
previously called the vascular spike, but recent work 
has shown it to be more than a manifestation of 
vascular flow through the kidneys; functional activ- 
ity of the kidneys also contributes part. 

Isotope renography was performed on $7 patients 
with hypertension and various other diseases of the 
kidneys. 

Significant differences from the normal curves are 
noted in the renograms in essential hypertension and 
in chronic renal disease. Moreover, in unilateral renal 
disease there is obvious difference between the two 
sides making the renogram particularly valuable in 
this situation, 

Isotope renography is a simple, nontraumatic pro- 
cedure which vields qualitative information regard- 
ing kidney function and relates the function of one 
kidney to the other. It is particularly applicable in 
the investigation of unilateral kidney disease.— 
Craig C. Wetzelberger, M.D. 





NERVOUS SYSTEM 


LuyenpiyK, W. Canalography: róntgenological 
examination of the peridural space in the 
lumbosacral part of the vertebral canal; sum- 
mary of the thesis. 7. belge de radiol., 1963, 
46, 236-254. (Address: Prins Bernhardlaan, 
60, Oegstgeest, The Netherlands.) 


Canalography or peridurography is a roentgeno- 
logic procedure for the study of the size and shape 
of the peridural space in the lumbosacral and spinal 
canal area. The peridural space is located between 
the spinal dura mater and the walls of the spinal 
canal and extends from the upper cervical to the 
sacral level. It contains the spinal nerves, blood 
vessels, areolar connective tissues and fat. At its 
caudal end the dural sac tapers into the dura mater 
of the filum (filum durae matris) which extends into 
the sacral canal. The dural sac is connected with the 
paravertebral and presacral connective tissue 
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through the intervertebral foramina. In these open- 
ings, connective tissue attaches the spinal nerves and 
blood vessels to the walls of the foramina. This 
formation is known as “Charpy’s hgament.” 

The peridural space is punctured with a needle 
through the sacral hiatus and hypaque or renografin 
is injected. Films are exposed in the frontal, lateral 
and oblique projections. The contrast material sur- 
rounds the spinal cord and in the lateral view, it is 
visualized both anteriorly and posteriorly (ventrally 


By means of this method prolapse of the disk, pro- 
truding disk with osteochondritic spur formation, de- 
velopmental anomalies with narrowing of the lum- 
bar vertebral canal, dilated peridural veins, peri- 
dural and/or periradicular adhesions, spina bifida 
occulta, hypertrophy of the ligamentum flavum, 
sacral perineural cysts and spondylolysis may be 
demonstrated. 

The contrast material is rapidly absorbed and 
within 30 to 45 minutes it appears in the urinary 
tract, thus an urogram is obtained. 

The author's experience 1s based on a study of 460 
patients. The procedure was unsuccessful in only 
7.8 per cent; this was due to developmental anomalies 
or variations of the sacral hiatus which could not be 
entered with the needle. 

One table, 7 diagrams, 2 sketches and reproduc- 
tions of roentgenograms accompany this excellent 


article.—JF'illiam H. Shehadi, M.D. 


Moers, C. A. F., and HENDRICK, E. Bruce. 
Diastematomyelia. F. Pediat., Aug., 1963, 
63, 238-248. (From: Departments of Radi- 
ology and Surgery, The Hospital for Sick 
Children and the University of Toronto, 
Toronto, Ontario, Canada.) 


Fourteen cases of diastematomyelia collected over 
à 12 year period are reviewed. In 7 the diagnosis was 
made at autopsy. Of the remaining 7, laminectomy 
was performed in 6. 

Diastematomyeha is a developmental defect in 
which the spinal cord is divided longitudinally by a 
fibrous or bonv septum. There are two hypotheses to 
explain the development of the septum. One postu- 
lates inadequate re-absorption of cerebrospinal fluid 
after closure of the neural tube, which usually occurs 
between the third and fourth week. This produces 
secondary dilatation of the neural canal with dis- 
placement and distortion of the precursors of the 
vertebral column. A second theory, more widely ac- 
cepted, is that of Bremer. He suggests that the 
changes may result from partial obliteration of an 
accessory neurenteric canal. This canal is a normal 
communication between the intestinal tract and the 
dorsal surface of the embrvo but only lasts a short 
time. Its persistence as a cyst or fibrous cord is 
thought to eventually lead to the formation of a 
septum. The persistent canal is also thought to pro- 
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duce the associated vertebral and cutaneous anom- 
alies. 

The condition. usually becomes apparent in in- 
fancy or childhood. The presenting symptoms are: 
difheulty in walking, failure to obtain bladder or 
bowel control and anomalies of the legs and feet. Six 
of the authors’ 14 cases had associated meningoceles. 
Four presented with a hairy patch, 1 with a sacro- 
coceygeal sinus and 1 with a soft tissue swelling over 
the base of the spine. 

Roentgenographically, the spinal canal was 
widened at the level of the lesion in all but 1 of the 
authors’ cases. This widening may extend over a 
variable number of segments. Spina bifida occulta 
was present in 12 of the 14 cases. Other frequently 
associated anomalies may be hemivertebrae, hypo- 
plastic vertebral bodies, narrowed intervertebral 
disks, kyphosis and scoliosis. If the septum is not 
bony, myelography is extremely helpful for localiza- 
tion. 

Laminectomy is the operation of choice with re- 
moval of the septum. Surgical correction of the de- 
fect usually prevents progression of the neurologic 
changes but improvement is rare.--Barry Gerald, 


ALD. 


SKELETAL SYSTEM 


Focers, G. W. Na Evans, E. Burke, BLUMEL, 
Joanna, Now in, Donatp H., and BUTLER, 
James K. Cystic change in the iliac acetabu- 
lum. 7. Bone & Joint Surg., June, 1963, 45-A, 
669-686. (From: Department of Surgery, 
Division of Orthopedic Surgery, The Univer- 
sity of Texas Medical Branch, Galveston, 
Texas.) 


Cystic changes in the acetabula may accompany 
a degenerative arthritis or occur prior to, or inde- 
pendent of, the degenerative joint lesions. 

These cysts are usually marginal or subchondral 
and underlie the weight-bearing area in a plane be- 
neath and posterior to the anterior-inferior iliac 
spine. In So cadavers with acetabular cysts there 
was some degree of erosion of the acetabular carti- 
lage at the point of greatest weight bearing, but only 
one had changes in the cartilage of the opposing 
femoral head. Hips with abnormal configuration 
showed a greater degree of involvement than normal 
hips and the degenerative process was accelerated. 
The cystic changes may be unilateral. They vary in 
size and may be either multi or unilocular. The walls 
are sclerotic. In the larger cysts there was extension 
well into the dium or even medially towards the 
pubic and ischial acetabular areas. Occasionally de- 
fects may be shown in the subchondral plate. Cysts 
near the margin may fracture with lateral displace- 
ment of the femoral head. In 122 cases of acetabular 
cysts, 60 showed arthritic changes in the femoral 
heads and 21 had cysts in the heads. Although most 
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patients were in the older age groups, 1 was under 20, 
3 in the 20-29 year range and 11 in the 30-39 year 
range. 

The authors consider acetabular cysts to portend 
change in the femoral head and this has been ob- 
served 1n untreated patients. However, in 1 patient, 
treatment of the cvst did not prevent subsequent cyst 
formation in the femoral head. A subtrochanteric 
osteotomy or femoral head prosthesis may cause 
cysts to regress, but the authors prefer to restore the 
acetabulum directly. When prostheses were inserted 
they found that pain persisted if the cysts were not 
obliterated; apparently there is stress on the sub- 
chondral plate. 

There are several hypotheses as to cyst develop- 
ment. The authors believe the formation of cysts to 
be secondary to friction and pressure. It is suggested, 
therefore, that as cartilage is destroyed through 
fibrillation and erosion there is hyperemia with bone 
resorption and replacement by fibrous tissue. Reac- 
tive bone forms and if the blood supply is insufficient 
there may be cavitation in the areas of fibrosis. 
Microfractures may also occur. Some cysts connect 
to the joint. 

Twenty-seven painful hips with cystic acetabular 
lesions were treated surgically with removal of the 
fibrous tissue or fluid, destruction of the sclerotic 
cyst walls, and packing with autogenous bone. The 
pain had been present in these cases from a few 
months to 14 years, was deep-seated and often worse 
on weight-bearing. The follow-up period averaged 3 
years 8 months. Sixteen of the patients had excellent 
relief of pain, 4 had partial relief and 7 had no im- 
provement. Fair and poor results were noted in pa- 
tients whose hips showed articular changes and de- 
formity of the head. In none of the patients with 
normal or nearly normal heads was there recurrence 
of pain after surgery. Even moderately advanced 
degenerative changes do not contraindicate surgery 
since there was a significant degree of subsequent 
improvement in these patients.— Martha. Mottram, 
M.D. 


Ropins, M. Moreno, SrEvENs, Houston F., 
and LINKER, ALFRED. Morquio’s disease; an 
abnormality of mucopolysaccharide metab- 
olism. 7. Pediat., June, 1963, 62, 881—889. 
(From: Primary Children's Hospital and the 
Department of Pediatrics and Radiology, 
University of Utah College of Medicine, Salt 
Lake City, Utah.) 

The authors describe two siblings with Morquio’s 
disease at the age of 8 months and 33 years. The 8 
month old infant was found to have roentgeno- 
graphic manifestations of the disease without clinical 
signs, The older girl, in addition to having the 
roentgenographic manifestations, had corneal opac- 
ites on sht lamp examination, Both patients had 
Reilly granulations in the polymorphonuclear leuko- 
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cytes of peripheral blood and bone marrow. They 
hoth excreted keratosulfate, a mucopolysaccharide 
different from that found in the urine of normal 
people or in patients with Hurler's disease. 

The roentgenographic bone changes are quite vari- 
able, and accurate evaluation requires longitudinal 
assessment. The number and degree or abnormal 
findings almost always accompany the appearance of 
secondary ossification centers and metaphyseal 
growth. The disorder is characterized by delayed, 
deficient, and irregular endochondral ossification of 
the epiphyses and diaphyses. 

Although patients with clear cut Morquio’s dis- 
ease are usually readily distinguishable from gar- 
goylism (Hurler’s disease), there are borderline cases 
in which the differentiation is difficult. Reilly gran- 
ules in the leukocytes and increased mucopolysac- 
charides in the urine have also been used to differ- 
entiate Hurler’s disease from other hereditable dis- 
eases of connective tissue. 

Both patients demonstrated Reilly bodies in the 
peripheral polymorphonuclear leukocytes (45 per 
cent and 8o per cent respectively), and an increase in 
keratosulfate excretion in the urine. 

Other authors have stated that those patients with 
clinical and roentgenographic features of Morquio's 
disease who, in addition, have corneal opacities, deaf- 
ness, Reilly granulations, and excess mucopoly- 
saccharide in the urine should be classified separately 
from either Morcuio’s disease or Hurler's disease-— 
as Morquio-Ullrich disease. Their review of the 
literature would :ndicate that few cases have had a 
search for either Reilly granulations or corneal 
opacities, while the more recent reports indicate that 
both may be present commonly in Morquio's disease. 
Since both these conditions are probably manifesta- 
tions of abnormal mucopolysaccharide deposition, 
the authors believe that they could logically be in- 
cluded as manifestations of Morquio's disease and 
that the creation of a "new" syndrome is not war- 
ranted.— fames F. Martin, M.D. 


ZENER, JULIAN C., ALPERT, MEYER, and 
KLAINER, Lawrence M. Vertebral sar- 


coidosis. A4A.M.A. Arch. Int. Med., lune, 
1963, 777, 696—702. (Address: Dr. Meyer Al- 
pert, Department of Radiology, The Pres- 
bvterian Hospital, Columbia-Presbyterian 
Medical Center, 622 W. 168th Street, New 
York 32, N. Y.) 


The authors report a case of vertebral sarcoidosis 
ina 33 year old Negro female. The onset of her symp- 
toms was in December, 1960 at which time she 
noticed a stabbing nonradiating mid-back pain, 
which increased on lateral bending of the spine. This 
was associated with night sweats, occasional non- 
shaking chills, dyspnea on climbing stairs and a 
cough, productive of a small amount of gray sputum, 
occasionally flecked with blood. The back pain in- 
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creased in severity during the winter, and by March, 
1961 the patient had restricted her activities to light 
housework. 

The patient was first seen at the Presbyterian 
Hospital in June, 1961. There was marked tender- 
ness over the lower thoracic spinous processes. She 
had a normal temperature, hemoglobin, hematocrit, 
white blood cell count, differential count and uri- 
nalysis. The sedimentation rate was 6o mm. per hour 
and the alkaline phosphatase was slightly elevated. 
Roentgenograms of the thoracic spine demonstrated 
a paravertebral soft tissue swelling extending from 
T 8 through T 10. The lateral roentgenogram showed 
moderate sclerosis of the vertebral body of T 9, pre- 
dominantly along its periphery. The frontal roent- 
genogram revealed a slight decrease in the height of 
the right half of the body of T 9 and sclerotic changes 
in the same area. A § mm. lytic lesion was demon- 
strated in the right superior border of this vertebral 
body. The adjacent disk spaces were normal. Roent- 
genograms of the lumbar spine showed an oval ring- 
like zone of sclerosis in the body of L 2. There was 
slight decrease in the height of the left side of this 
body. Adjacent disk spaces were intact. The original 
roentgen diagnosis of the spine lesions was tuberculo- 
sis. Chest roentgenograms were negative. Five 
Mantoux tests were performed and these were all 
negative, Sputum and urine were each cultured 3 
times, a 24-hour sputum was cultured and 2 guinea 
pigs were inoculated with urine. No organisms were 
recovered from these specimens. Skin tests for histo- 
plasmosis, coccidioidomycosis and blastomycosis 
were negative. Craig cannula biopsies of the verte- 
bral bodies of T 9 and L 2 were performed. The pre- 
dominant microscopic findings were moderately 
fibrotic marrow with scattered plasma cells and 
reticuloendothelial cells. There were noncaseous 
tubercle-like structures with giant cells and epithe- 
hoid cells. The initial pathologic diagnosis was 
tuberculosis. A Kveim test was planted on August 4, 
and in September it showed no induration. On 
October 23 slight induration was noted and a biopsy 
of the Kveim test area was obtained which disclosed 
several granulomas within the corium, consisting of 
giant cells and epithelioid cells with a few lympho- 
cytes. The histologic findings at this time were inter- 
preted as definitely positive for sarcoidosis. The 
differential diagnosis considered by the authors in- 
cluded pyogenic osteomyelitis, tuberculosis, Hodg- 
kin’s disease and mammary carcinoma. 

In summary, the authors state that only 3 cases of 
well-documented vertebral sarcoidosis have been 
diagnosed before death. In contrast to the usual lack 
of symptoms in the short tubular bone sarcoidosis, 
pain and local tenderness have been prominent fea- 
tures of vertebral involvement. Roentgenograms 
have demonstrated lytic and/or sclerotic lesions in 
the affected segments, Disk space narrowing and a 
paravertebral mass would raise the question of 
tuberculosis; however, the diagnosis of vertebral 
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sarcoidosis was fairly well confirmed.-—C. Peter 


Truog, M.D. 


Haw ney, CHAPIN. Avascular necrosis of 
bone following systemic steroid therapy. 


MEYER, TEARLE, Gorrgg, LoweLL E., and 


Ohio.) 

Although the common complications of steroid 
therapy are well known, avascular necrosis of bone 
and resultant Joint destruction are uncommon and 
generally unrecognized complications. The authors 
present a report of such a complication following 
long-term steroid therapy, which was administered 
systemically only. 

The patient, a so year old white woman, had had 
subtotal thyroidectomy in 1929, pelvic surgery in 
1934 and 1958, and in 1945 a total colectomy with 
an ileostomy was performed for what was diagnosed 
elsewhere as an "elongated, atrophic, atonic colon." 
She had been taking desiccated thvroid daily since 
1934. Episodic thromobocytopenic purpura first ap- 
peared in 1967 and in 1958 a repeat episode prompted 
daily aristocort therapy from April until November. 
Following a fall on her buttocks in December, 1968, 
the patient was hospitalized and roentgenographic 
examination revealed no abnormality. The hip joints 
were normal. During the period of hospitalization she 
received metacortelone orally and was discharged in 
January 1959. In April 1959 a laminectomy was done 
for a herniated intervertebral disk at L3-L4 and hip 
and shoulder roentgenograms at this time were nor- 
mal. Because of recurrent thromobocytopenia. pur- 
pura, decadron was administered from June 1959 
until March 1960. Increasing hip and right shoulder 
pain developed and the patient was again hospital- 
ized in August 1961 and roentgenographic examina- 
tion at this time revealed bilateral avascular necrosis 
of the hips and shoulders. 

Bone changes such as osteoporosis, joint narrow- 
ing, spur formation and subluxation may occur in 
patients under treatment for rheumatic or hvper- 
trophic arthritis following svstemic or intra-articular 
use of corticosteroids. These substances may produce 
bone changes similar to those of Cushing's disease of 
natural origin but no instance of aseptic necrosis has 
been reported in iatrogenic Cushing's syndrome, ex- 
cept in patients receiving treatment for arthritis. The 
glucocorticoids have several known effects on the 
skeleton including anti-anabolic, antitoxic and anti- 
inflammatory. However, the etiology of the bone and 
joint changes following steroid therapy is unknown. 
The two current theories as to the cause include 
overuse following pain suppression and local vascu- 
litis secondary to increased viscosity and hyperco- 
agubility of the blood. 

The roentgen findings in the case reported were 
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ance was indistinguishable from avascular necrosis 
due to other causes. The time-dose relationship of 
steroid therapy sufficient to cause these bone changes 
is unknown but may appear as early as 3 months 
after the institution of therapy. Since these sub- 
stances are in common use the authors feel that it is 
important that radiologists and other physicians be 
aware of this possibility.--Edward B. Best, M.D. 


Gimes, B. Zur Differentialdiagnose entzünd- 
licher Veränderungen im lleosakralgelenk. 
(The differential diagnosis of inflammatory 
changes in the sacroiliac joint.) Fortschr. a. d. 
Geb. d. Réntgenstrahlen u. d. Nuklearmedizin, 
May, 1963, 98, 570-577. (Address: Róntgen- 
khnik, Ullói út 78/b, Budapest, VIII, 


Hungarv.) 


Pain in the sacroiliac joint may be due to a post- 
traumatic or an inflammatory condition. À tear in 
the posterior sacroiliac ligament may occur after 
repeated minor injuries or a more severe trauma and 
the pain may be caused by a localized hematoma, 
which may be missed on roentgenographic study in 
the early stages. In some cases, a hazy appearance of 
the articular surface may simulate a tuberculous or a 
rheumatoid arthritis, especially when no history of 
trauma 1s elicited. Follow-up studies in 4 patients 
with painful sacroiliac Joints showed an osseous con- 
densation on the iliac side of the joint. The author be- 
lieves that this is due to alteration within the stripe- 
like apophysis frequently seen during puberty adja- 
cent to the inferior angle of the sacroiliac joint. Inter- 
ference with the blood supply of the apophysis pro- 
duces an increased osteoblastic activity, which 1s 
recognized later as osseous condensation or osteitis 
condensans ป 11. 

The pathogenesis 1s considered to be identical with 
that of osteochondrosis or osteochondritis of many 
other bones. 

The differential diagnosis frequently. depends on 
their reaction to specific therapy.— 7. Zausner, M.D. 


Twicc, Homer L., and SMITH, BERNARD F. 
Jaccoud’s arthritis. Radiology, March, 1963, 
ล 0, 417—421. (Address: Georgetown Univer- 
sity Hospital, 3800 Reservoir Road, N. W., 
Washington 7, D. C.) 


Jaccoud’s arthritis is a deforming condition in- 
volving the hands, and is sometimes seen after re- 
peated attacks of rheumatic fever. It is characterized 
by ulnar deviation and flexion deformity of the meta- 
carpal phalangeal joints with subluxation. The de- 
formity in this disease appears to be due to a peri- 
articular fascial and tendon fibrosis rather than to a 
synovitis as seen in true rheumatoid arthritis. There 
is associated periarticular soft tissue swelling. Usu- 
ally the joint disease is inactive with little sv mp- 
tomatology and the joint function is maintained. 
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Initially the roentgenographic examination shows no 
bone involvement despite a faradvanced clinical pic- 


ture. Only soft tissue swelling, and ulnar deviation of 


the metacarpal phalangeal joints may be demon- 
strated. Often the ulnar deviation is not apparent on 
the roentgenograms because it is voluntarily cor- 
rected by the patient. The earliest bone changes 
which can be seen are erosion of the metacarpal heads 
of the palmar and radial aspects producing a hook- 
like deformity. Rheumatoid arthritis will also show 
these findings but, in addition, there are more marked 
changes in the carpal bones and the articular sur- 
faces of the interphalangeal joints. 

Since the condition, to the knowledge of the au- 
thors, has not been reported in the radiologic liter- 
ature, this report is presented in the hopes that it will 
enable radiologists to recognize it and suggest the 
diagnosis. 

Two case reports are given.—Donald N. Dysart, 
ALD. 


Basicky, ARNOST, and KoLAR, Jaromir. S9 
Stoffwechsel in bestrahlten wachsenden Kno- 
chen. (Sulfur 35 metabolism in irradiated, 
growing bones.) Sirahlentherapie, Feb., 1963, 
720, 300-307. (Address: Dr. J. Kolar, Radi- 
ologische Klinik, U nemocnice 2, Prag 2, 
CSSR.) 

Sulfur is ps up by the grganie portion of pone 
normal Se a even unirz a bone in ici ir- 
radiated animals has a similar depression of uptake. 

This speaks for some sort of general skeletal meta- 

bolic stimulus arising from local irradiation of bone. 
The metabolic action of the organic component of 

bone precedes that of the inorganic component (as 
determined by calcium 45 studies). Thus, the radi- 
ation changes in bone must be basically the result of 


damage to the cells and organic matrix.—/7enry G. 
Moehring, M.D. 


Pappas, ARTHUR M., and COHEN, JONATHAN. 
The a effect of x-irradiation on bone 
growth in rats. Y. Bone & Joint Surg., June, 
Tu 45-4, 765-772. (From: Departments of 


Orthopedic Surgery and Pathology and 
Division of Lal boratories and Research : 
Children’s Hospital Medical Center and 


Harvard Medical School, Boston, Mass.) 


This is a report from the Orthopedic Research De- 
partment of Harvard Medical School. The local and 
abscopal effects of irradiation to the extremities of 
rats were studied. 

Using orthovoltage with a half value laver of 1.7 
mm. Cu, comparable groups of rats were irradiated 
and then studied for 72 days. One group received 800 
r to one knee (3 per cent of body volume), another 
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400 r, and a third 800 r to one hind extremity (10 
per cent of body volume). 

After 21 days all irradiated rats showed a signifi- 

cantly decreased weight as compared to the control 

group and retardation of growth in the irradiated 
tibiae. Only in the group receiving Soo r to one hind 
extremity were abscopal effects noted; specifically, 
significant retardation of growth in the unirradiated 
tibiae, ulnae, vertebrae and body length. 

The abscopal effect appears to be associated with 
the volume of tissue irradiated as well as the dose. — 
Martha Moitram, M.D. 

ScuMipr, Benjamin José, BEQAK, Witty, 
Becak, Marra Lutza, SOIBELMAN, Isaac, 
จา ANTONIO DA SILVA, Lorca, AN- 
TONIO PAULO, Secar, FERES, AN row 10, 
CLEMENTE FILHO, and CARVALHO, AZARIAS 
DE ANDRADE. Metaphyseal dysostosis: review 
of literature; study of a case with cytogenetic 


analysis. Y. Pediat., July, 1963, 65, 106—112. 
(Address: Clinica. Pediatrica da Escola 
Paulista de Medicina, R. Napoleao de 


Barros, 761 Sao Paulo, Brazil.) 


A case of metaphyseal dysostosis 1s described and 
added to the 17 cases already reported in the litera- 
ture. 

Physical examination. The patient is a 12 year old 
Brazilian male who had a growth arrest of 6 years’ 
duration with gradual bending of his legs for the past 
4 vears. He was underdeveloped physically. Prog- 
nathism and pallor were present. The mouth was 
partly opened and the incisors protruded and were 
exaggerated in size. The neck was short and the chest 
cavernous, with pronounced depressions in the mam- 
mary region of both sides. There was dextroconvex 
scoliosis and dorsolumbar kyphosis. The intelligence 
quotient was 8o (Merrill’s test). 

Roentgen findings. The only positive finding in the 
skull was inclination of the floor of the anterior fossa. 
There was dorsolumbar kyphosis of the spine with 
generalized osteoporosis and spina bifida of L 4, L. € 
and the sacrum. There was dorsal platyspondylia. 
The lumbar vertebral bodies were deformed with 
anterior protuberance of the median portions of the 
body. The region of the acetabulum in a hypoplastic 
pelvis showed a blown-out porous aspect with re- 
tardation of ossification. Marked coxa vara was 
present showing changes in the texture of the femoral 
metaphyseal zone, and there was pronounced genu 
valgum. Metaphyseal deformities with increase in 
volume, and alterations in texture and contour of the 
bones were evident. The upper extremities also 
showed metaphyseal deformities with alteration in 
texture and contour of the bones. The hands had a 
normal appearance. 


Laboratory findings, These were not remarkable 
Genetic studies. Karyotypic analysis of 97 cells 
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showed 88 cells with 46 and 9 cells with 47 chromo- 
somes. The 46 chromosome cells were apparently 
normal. The 47 chromosome cells presented an addi- 
tional chromosome identified in all cells as chromo- 
some 16. 

Histologic examination. Microscopic study of a 
biopsy specimen revealed the general structures to be 
normal and in the medullary space there was connec- 
tive tissue proliferation, showing the presence of 
osteoid tissue surrounded by osteoblasts. 

Diagnosis. The diagnosis was based on the general 
appearance plus the roentgenologic findings. The 
clinical and laboratory data help exclude other condi- 
tions which enter the differential diagnosis. The 
karyotypic analysis in this one case does not allow 
correlation of the clinical findings with the alterations 
found. 

Treatment. Administration of vitamin D produced 
no detectable improvement and a corrective osteo- 
tomy was performed.—David Morse, M.D, 


REILLY, B. J., and Munn, J. D. Metaphyseal 
dysostosis. 7. Canad. A. Radiologists, June, 
1963, 74, 84-94. (From: Hospital for Sick 
Children, Toronto, Ontario, Canada.) 


The severe form of metaphyseal dysostosis was 
first described three decades ago by Janzen. There is 
a derangement of metaphyseal ossification involving 
all long bones. Normal bone is replaced by irregular 
masses of calcified epiphyseal cartilage. Growth is 
stunted and varus and valgus deformities are pro- 
duced. The hands are severely affected. 

More recently, Schmid described a milder form of 
this disorder which is also assumed to be of genetic 
origin. The authors discuss 9 new cases of the Schmid 
form which were discovered in children aged 14 
months to 11 years. These patients showed involve- 
ment of the long bones, but, unlike the severe form, 
the hands were unaffected; the victims were short 
and had bowed legs, but were otherwise normal. 

The roentgenographic features in the milder form 
of the disorder consist of an irregular widening of the 
epiphyseal line in all the long bones. There is irregu- 
lar cartilaginous proliferation in the metaphyses of 
the femoral necks, about the knees, ankles, shoulders, 
elbows, wrists, and similar changes cause cupping or 
beading of the ribs at the costochondral junction. 
Weight bearing produces coxa vara and genu valgum. 
Elswehere, bony texture is normal and the spine and 
skull are not involved. 

Certain other entities mimic the changes of meta- 
physeal dysostosis, but they can usually be distin- 
guished by the roentgenographic or biochemical fea- 
tures. Serum calcium and phosphorus are normal; 
the alkaline phosphatase may be slightly elevated. 
Rachitic osteodystrophies, particularly vitamin D 
refractory rickets, simulate metaphyseal dysostosis, 
but they can usually be distinguished by the diffuse 
coarsening of trabecular pattern throughout the 
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skeleton. However, at least 3 patients presumed to 
have metaphyseal dysostosis have been successfully 
treated with large doses of vitamin D. The authors 
find these reports “surprising but stimulating.” 
Precise diagnostic criteria which may serve to dif- 
ferentiate metaphyseal dysostosis from vitamin D 
refractory rickets are not presently available. 

Hypophosphatasia resembles metaphyseal dysos- 
tosis roentgenographically; both disorders produce 
metaphyseal irregularities which may be strikingly 
similar. Fortunately, the alkaline phosphatase level 
is extremely low in hypophosphatasia and this test 
permits easy differentiation. 

Other disorders may intrude in the differential 
diagnosis, but they usually demonstrate features 
which are distinctive and fundamentally different 
from the changes seen in metaphyseal dysostosis. 
Morquio’s disease causes abnormality of the articular 
cartilage. Flattening of the ossification centers is seen 
in the epiphyseal dysplasias. There is a primary 
growth failure of the cartilaginous plate in achondro- 
plasia. Cleidocranial dysostosis may produce individ- 
ual lesions similar to those seen in metaphyseal dysos- 
tosis, but the sum of the clinical and roentgenologic 
signs serves to identify the two diseases. 

The condition has been detected as early as 14 
months of age. Prompt diagnosis is desirable so that 
the parents may be prepared to anticipate corrective 
orthopedic procedures. The disorder should be con- 
sidered in patients with short stature and bowing of 
the legs, a peculiarity in gait or a limp and the diag- 
nosis is supported by the detection of a widespread 
disorder of metaphyseal growth in a skeleton which is 
otherwise normal, without evidence of other systemic 
disorders or abnormality in serum calcium or phos- 
phorus.—7ack Reynolds, M.D. 


Gorin, ROBERT J., Mesxin, Lawrence H., 
and Sr. GEME, Josepy W. Oculodentodigital 
dysplasia. F. Pediat., July, 1963, 63, 69-75. 
(From: Division of Oral Pathology and De- 
partment of Pediatrics, University of Minne- 
sota, Minneapolis, Minn.) 


À new syndrome is described based on the authors' 
presented case and 6 cases previously reported in the 
literature. 

The features are as follows: 

Facies. The eyes are small and sunken. Ocular 
hypotelorism and a thin nose without alar flare pro- 
duce a characteristic appearance. 

Eyes. The eye anomalies are microphthalmia, iris 
changes and possibly glaucoma. 

Extremities. The most common constant finding is 
camptodactyly of the fifth finger which is radially 
deviated. Clinically it appears to be shortened and on 
roentgenographic examination the middle phalanx is 
cube shaped. Hypoplasia of the middle phalanx of 
the fifth finger is seen in 60 per cent of mongols, 10 
per cent of cretins and 1 per cent of normal individu- 
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als. Syndactyly of the fourth and fifth fingers is an 
occasional finding. The feet, ostensibly normal, 
roentgenographically demonstrate aplasia or hypo- 
plasia of the middle phalanx of one or more toes, Hip 
dislocation and delayed ossification of the femoral 
heads have been described. 

Hair. Dry, lustreless hair which fails to grow to 
normal length has been described. 

Oral manifestations. Generalized enamel h vpo- 
plasia with resultant vellowish appearance of the 
teeth from the visible dentine is present, The alveolar 
ridge of the mandible is wider than normal. David 


Morse, M.D, 


Rask, MicHasL R. Morquio-Brailsford osteo- 
chondrodystrophy and osteogenesis Imper- 
fecta: report of a patient with both condi- 
tions. Y. Bone & Joint Surg., April, 1963, Z5- 
A, 561-570. (From: The Shriners’ Hospital, 
Portland, Ore.) 


The author reports the occurence of two separate 
inherited skeletal diseases in an 11 year old girl. The 
father had osteochondrod ystrophy of the Morquio- 
Brailsford type and the mother osteogenesis imper- 
fecta, 

Numerous photographs and reproductions of 
roentgenograms are included of the parents as well as 
of the case reported. 

It is postulated that both osteogenesis imperfecta 
and osteochondrodystrophy were inherited as domi- 
nant traits in this patient.—Dacid C. Alftine, M.D. 


Trias, Anront, and Ray, Roserr D. Juvenile 
osteochondritis of the radial head: report of a 
bilateral case. Y. Bone & Foin Surg., April, 
1963, 45-4, 576-582. (From: Department of 
Orthopaedic Surgery, University of Illinois, 
Research and Educational Hospitals, and the 
Presbyterian-St.. Luke's Hospital, Chicago, 
Hil.) 

Bilateral juvenile osteochondritis has been re- 
ported in the medical literature in on] y 6 previous 
Cases. 

The authors present the case of a white boy who 
was first seen at the age of 73 vears because of osteo- 
chondritis of the left femoral capital epiphysis. Four 
vears later he was again seen because of pain in the 
left elbow, This was accompanied by considerable 
soft tissue swelling and warmth of the part involved. 
Subsequent roentgenograms demonstrated osteo. 
chondritis of both radial epiphyses. 

The authors also give a review of the literature and 
bring out the fact that osteochondritis of the radial 
head is frequently associated with other skeletal 
diseases such as Osgood-Schlatter’s disease. In their 
case there was an association with Leg-Calvé-Perthes 
disease.— David C. Alftine, M.D. 
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Burko, Henry, Warson, Jaxer, and Ronin- 
son, Marcarer. Unusual bone changes in 


sickle-cell disease in childhood. Radiology, 
June, 1963, So, 957-962. (From: Departments 
of Radiology and Pediatrics of the State 
University of New York Downstate Medical 
Center and the Kings County Hospital Cen- 


ter, Brooklyn, N. Y.) 


In general, three types of bony abnormalities 
occur in sickle-cell anemia: those due to marrow 
hyperplasia; those due to infarction; and those due to 
osteomyelitis, particularly Sa/monella osteomyelitis, 
It is with the second of these, infarction, that this 
report is primarily concerned. 

A review of the roentgenograms of 126 children 
with sickle-cell disease seen over a five-year period 
(1956-1961) at Kings County Hospital Center dis- 
closed several unusual skeletal changes due to infarc- 
tion, In 21 children, nearly all under the age of 2 
years, painful swelling of the hands or feet, or both, 
known as the hand-foot syndrome, occurred. This is 
caused by infarction of the short tubular bones of the 
hands and feet. The bony changes are related to 
absorption of infarcted areas and hyperemic stimula- 
tion of adjacent periosteum causing subperiosteal 
new bone formation, 

Infarction of an entire long tubular bone is an 
unusual occurrence in childhood sickle-cell disease, 
although localized infarction of a long bone is com- 
mon. Infarction of an entire fibula was seen in 1 case. 
Bilateral symmetric scapular infarcts, which have 
not been previously reported, were seen in 2 children, 
resulting in subperiosteal new bone formation. The 
only instance in this series of associated Salmonella 
infection was a Salmonella chondritis of the sternum 
in a 4 year old child.—RARae/pA Bowman, M.D. 


Cocuran, W., CONNOLLY, J. H., and THomp- 
son, I. D. Bone involvement after vaccina- 
tion against smallpox. Brit, M. F., Aum m 
1963, 2, 285—287. (Address: Dr. W. Cochran, 
Paediatric Surgeon, Ulster Hospital, Belfast, 
Ireland.) 


Changes in bone after vaccination against small- 
pox are said to be very rare. The authors report a 
case confirmed by virus isolation. 

The condition must be differentiated from other 
hyperostoses of infancy. The patient was vaccinated 
by scarification at age of 31 weeks high over the 
deltoid and the reaction was severe, but subsided in 3 
weeks. However, 28 days after vaccination, there was 
deepseated swelling over the scapula and roentgen 
study showed deposition of new bone on both sur- 
faces of the body of the scapula. Biopsies of the scap- 
ula were taken on 3 different occasions and bacterio- 
logic cultures were found to be sterile while inocula- 
tions on the chorio-allantoic membrane of embryo- 


nated eggs produced typical vaccinia virus pocks. 
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Seventy days after vaccination the child became 
ill with swelling of the lower jaw and subsequently 
periosteal bone proliferation involving the left body 
of the mandible was demonstrated. Two other epi- 
sodes of illness occurred and were followed by the 
deposition of new periosteal bone on the ribs and then 
on the right side of the mandible. Slight destructive 
bone change was observed in the scapular region, but 
none was ever shown in the other areas of bone in- 
volvement. Progressive shrinking and remodelling of 
the scapula was observed. 

The authors point out the striking similarity of 
certain features of this patient's findings with infan- 
tile cortical hyperostosis. The facies, the roentgen 
changes, and the microscopic picture simulate Caf- 


n 


fev's disease.—Richard E. Kinzer, M.D. 


BENDEL, WiLLIAM Le, Jr., and Race, GEORGE 


A, 1043-1056. (From: Department of Path- 
ology, Baylor University Medical Center, 


Dallas, Tex.) 


The case reported is added to the approximately 
Goo cases in the world’s literature, and brings the 
number of cases that have been associated with 
infiltration of the bone or bone marrow by mast cells 
to <8. Urticaria pigmentosa is a chronic disease, 
principally of the skin, which begins usually in the 
first year of life, but may start shortly after puberty 
or in later adult life, affecting particularly males of 
light complexion. It is now recognized as a systemic 
disease, characterized by mast cell infiltration of the 
skin, bone marrow, lymph nodes, spleen, liver, and 
other organs which harbor the reticuloendothelial 
system. In fact some observers believe that this is a 
reticuloendothelial disease. The gross anatomic 
changes, such as lymphadenopathy, hepatospleno- 
megaly, bone lesions, etc., are produced by hyper- 
plasia of the tissue mast cells and fibrosis. 

The roentgenographic alterations in the bones 
consist of radiolucent zones which are bone resorp- 
tive defects produced by an underlying cellular hy- 
perplasia, and areas of increased bone density which 
are the thickened trabeculae of the spongiosa and the 
thickening of the cortex of the long bones with nar- 
rowing of the marrow spaces. Those appearing as 
generalized osteosclerosis are caused by new bone 
formation. 

The bone lesions have been found to be of two 
types, generalized and localized. In the generalized 
type is found cystic osteoporosis of the ribs with a 
thickening of the bone trabeculae, stippling of the 
bone structures in the skull, thickening of the skull 
tables, and generalized sclerosis of the pelvic bones 
and vertebrae. In the localized type are calcified 
deposits and decalcified areas of various sizes in the 
humerus, radius, femur, skull, and shoulder. Biopsy 
of these bones frequently reveals nodular, distinctly 
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granulomatous lesions within the marrow spaces, 
with mast cells forming a large portion of the cellular 
constituents of these granulomas. Some investiga- 
tions have, therefore, suggested that these lesions 
should be called mast cell granulomas of bone. Wide 


spread myelofibrosis, osteosclerosis, and pagetoid 


changes have been found associated with tissue mast 

cell accumulation in the marrow spaces.-— Donald M. 

Monson, M.D. 

Cruess, RicHarb L. The pathology of acute 
necrosis of cartilage in slipping of the capital 
femoral epiphysis: a report of two cases with 


York Orthopaedic Hospital, Columbia-Pres- 
byterian Medical Center, New York, N. Y.) 


Three major complications of slipping of the capi- 
tal femoral epiphysis may occur: acute necrosis of 
cartilage, aseptic necrosis, and later osteoarthritis. 
The last two sequelae are well recognized, but the 
first has scarcely been reported in the American 
literature. 

This clinical entity consists of rapid destruction of 
the articular cartilage of both the femoral head and 
acetabulum after slipping of the capital femoral 
epiphysis. The changes are usually visible roentgeno- 
graphically within a few months after the patient has 
sought medical attention for the epiphyseolysis. 
There is demineralization of the bone in the femoral 
head and about the acetabulum; the joint line rapidly 
becomes narrow and irregular. The femoral head 
usually shows no evidence of aseptic necrosis, al- 
though the two conditions apparently can occur 
simultaneously. 

The symptoms caused by these pathologic changes 
are pain on motion of the hip and a limp. Severe 
muscle spasm about the hip and early flexion-adduc- 
tion contracture develop. 

The incidence of this particular complication in 
various series has ranged from approximately 1 to 15 


amongst Negroes. The occurrence of acute cartilage 
necrosis did appear, however, to be correlated with 
long time intervals elapsing before treatment, and 
with greater degrees of slipping. There was no clinical 
or laboratory evidence of an infectious or associated 
rheumatoid process, although the roentgenographic 
appearance frequently resembled a lowgrade inflam- 
matory process such as tuberculosis which must be 
excluded. 

Histologically, there is a nearly normal appearance 
of the bone structures in the presence of severe de- 
generative changes in the cartilage. Only the basilar 
layers of cartilage persist in many areas; there is 
virtually no synovial lining remaining and the capsu- 
lar structures are greatly thickened. It 1s suggested 
that perhaps the most likely cause of death of the 
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cartilage is interference with its nutrition as the 

result of extensive fibrosis of the synovial membrane 

and capsular structures coupled with adhesions be- 
tween the synovial membrane and the femoral neck. 

Exactly why this should follow slipping of the capital 

femoral epiphysis remains undetermined.— -Donald 

M. Monson, M.D. 

Boyp, H. B., and Cara NDRUCCIO, R. A, 
Further observations on the use of radio. 
active phosphorus (P?) to determine the 
viability of the head of the femur: correlation 
of clinical and experimental data in 130 pa- 
tients with fractures of the femoral neck. 7. 
Bone & Foint Surg., April, 1963, 45-4, 445- 
460. (Address: 869 Madison Avenue, 
Memphis 3, Tenn.) 


Even with modern techniques of internal fixation 
which have raised the rate of union of displaced frac- 
tures of the femoral neck to 8 5 per cent, there re- 
mains an Incidence of avascular necrosis of portions 
of the weight-bearing aspect of the femoral head of 37 
per cent in such patients, The authors assumed that 
necrosis develops because the blood supplv of the 


head of the femur has been diminished as a result of 


the fracture, and sought a technique with which they 
could predict viability of the head fragment. The 
tracer used is P* apparently as inorganic phosphate, 
and it is administered to the patient at the rate of 2 
uc/lb. of body weight. At the time of operation for 
the introduction of internal fixation devices, a guide 
pin is inserted through the lateral cortex of the 
greater trochanter, along the superior portion of the 
femoral neck, and entering the superior portion of the 
femoral head. The guide pin is withdrawn and a thin 
Geiger-Müller probe is inserted into the guide pin 
tract. With the aid of roen tgenograms for localization 
of the counter, readings are taken within the sub- 
stance of the trochanter, and within the superior 
portion of the femoral head. In an experience of gg 
patients who had displaced femoral neck fractures, 
and who had been followed for 2 years or more to 
determine the accuracy of prediction of the isotope 
test, it was found that those patients in whom the 
ratio of counts within the trochanter to counts within 
the head was greater than 4.0 to 1 there was a greater 
likelihood of the development of avascular necrosis 
than in those patients in whom the trochanter/ head 
count ratio was less than 4.0 to 1. A parallel group of 
35 patients who had impacted fractures yielded re- 
sults which seemed to bear out the validity of the 
trochanter/head count ratio, 

The authors have had a sizable experience, and 
although they have not subjected their data to sta- 
tistical analysis, it would seem likely that the test 
which thev describe has a certain predictive value to 
the orthopedic surgeon who is attempting to assess 
viability of the head fragment.— Frederick F. Bonte, 
M.D. 
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Lauris, Carrot, A., and Favreau, J. C. 
Rheumatoid disease in children. 


Montreal, Quebec, 


Canada.) 


Juvenile rheumatoid arthritis should not be classi- 
fied under the general heading of "Still's disease" 
since the latter name has been applied to those cases 
of rheumatoid arthritis in children which were ASSO- 
ciated with extensive visceral lesions and a bad prog- 
nosis. The case histories of 102 patients with juvenile 
or infantile rheumatoid arthritis seen between 1940 
and 1960 were reviewed. Of the cases studied, only 
45, OF 44.1 per cent, could be finally shown to have a 
correct proven diagnosis. Among these 45 cases, 31 
had adequate follow-up histories and this survey is 
based upon a careful analysis of these 31 patients, 

The highest incidence of onset was in the hrst 2 
years of life. There was a strong suggestion of heredi- 
tary background with a definite family history of 
arthritis or related diseases. The clinical picture was 
not characteristic but “fever of unknown origin" was 
a common first symptom. Rash was not uncommon. 
Joint symptoms were variable with 20 per cent of the 
patients having no joint symptoms at the onset. The 
first sign was articular in 8o per cent. Roentgeno- 
graphic changes appeared late with osteoporosis usu- 
ally occurring first. Laboratory help was disappointing, 

Follow-up observations led the authors to conclude 
that the prognosis is not as unfavorable as formerly 
believed. Life expectancy is good and joint deformity 
is not necessarily too marked. The need for a more 
sensitive diagnostic test is noted.—Richard E. Kin- 
zer, M.D. 
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SMITH, CHARLES C., and Cog, Warrer S, Dis- 
secting aneurysm of the aorta: a review of 20 
cases. South. M. F., May, 1963, 56, 461—464. 
(From: Department of Medicine, University 
of Louisville School of Medicine and the 
Louisville General Hospital, Louisville, Ky.) 


Twenty cases of dissecting aneurysm of the 
thoracic aorta are reported and the presenting symp- 
toms analyzed. It was the authors' opinion that if the 
symptoms of aneurvsm in the chest are properly 
evaluated a few cases can be salvaged by surgery, 

The differentiation between these conditions and 
myocardial infarction or cerebral thrombosis must be 
made to avert unwise use of anticoagulant therapy. 

The 20 cases reported were found at autopsy and 
represented an incidence of 1 per 2 1 3 autopsies at the 
authors’ hospital. 

The pathology and locations of the lesion are dis- 
cussed. The symptoms of these patients are also con- 
sidered in detail: 4 of the last 7 patients exhibited 
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hemiparesis upon admission; others presented initial 
symptoms of abdominal crisis; still others showed 
occlusion of the right subclavian artery. Most of the 
patients died within 2 hours of admission to the hos- 
pital; however, 7 survived 24 hours after admission. 
These lived long enough for a definitive diagnosis to 
be made and possible surgical intervention, 

The surgical methods of dealing with the aneurysm 
are discussed. 

'The authors conclude as follows: 

1. Patients with dissecting aneurysm may present 
themselves with widelv diverse clinical. manifesta- 
tions; this diagnosis must be considered in every in- 
stance of chest pain, abdominal pain and cerebral in- 
farction. Careful clinical observation will often reveal 
important clues to the correct diagnosis and perhaps 
allow surgical intervention. 

2. The prompt recognition is essential to select 
candidates for surgical intervention. without delay 
and to avoid errors in therapy, such as the adminis- 
tration of anticoagulants for a mistaken diagnosis of 
mnc infarction or cerebral infarction. 

The chest roentgenogram may be extremely 
ก in corroborating the diagnosis in most cases 
involving the thoracic aorta. 

4. The beneficial effect of creating 
discussed in conjunction with Bernoulli's 


Yohn H. Harris, M.D. 


“re-entry” 1s 
theorem.-— 


Scumirz-Dracer, H. G. Zur Angiographie der 
Arteria subclavia. (Angiography of the sub- 
clavian artery.) Fortschr a. d. Geb. d. Ront- 
8080] H. d Nuklearinedizin, May, 1963, 
gS, £21- (Address: Ronteeninstirut und 
Str ES der Stádt. Krankenanstalten, 
Kóln-Merheim, Germanv.) 


Arteriography provides the best means for the 
demonstration of the exact location and extent of in- 
volvement of the subclavian artery. Contrast visual- 
ization furnishes significant aid in the differential 
diagnosis of lesions in the superior mediastinum. It is 
especially used when vascular surgery is contem- 
plated or to study the status of vascular grafts, The 
pathologic changes in the subclavian artery dis- 
closed by this method may give valuable informa- 
tion concerning the condition of neighboring vessels, 
since alterations in these vessels are frequently sim- 
ilar, particularly in those arising from the aortic 
arch. 

The choice of methods depends on: (1) the clinical 
findings regarding the site and type of the disease; 
(2) the ability to obtain maximum contrast at the re- 
quired place; and (3) the avoidance of complications 
for the patient. 

The available methods include: (1) exposure of the 
vessel and direct injection of the contrast material; 
(2) percutaneous injection; (3) catheterization to the 
desired site; (4) percutaneous retrograde aortogra- 
phy via the femoral artery; and (5) translumbar 
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aortography. The latter method is used whenever 
generalized arterial spastic changes render angio- 
cardiography inadvisable or inadequate. 

The author prefers catheterization of the femoral 
artery because it produces relatively few and harm- 
less side reactions; the degree of concentration of the 
contrast material is equal to that obtained by selec- 
tive injection into the aortic arch or individual 
branches of the aorta. A contraindication is the in- 
ability to pass the catheter because of extensive in- 
volvement of the arteries of the pelvis or of the aorta, 
an aneurysm of the aorta at any level, and elongation 
and tortuosity of these vessels. This method 1s supe- 
rior to a venous injection for visualization of the 
aortic arch, since it avoids the superimposition of 
contrast material in the large arm veins and it pro- 
vides a greater amount of contrast material to this 
area. Catheterization via a brachial artery is per- 
formed in preference to angiocardiography when a 
stenosis of the aortic isthmus is suspected. 

'The diseases of the subclavian artery are classified 
as follows: 


A, Congenital: 1. anomalies of origin; 2. altera- 
tions in connection with stenosis of the aortic 
isthmus and pseudocoarctation; and 3. con- 
genital aneurysms and arteriovenous fistulas. 

B. Acquired: t. elongation and buckling; 2. aneu- 
rysms: traumatic, sclerotic, luetic, and those 
associated with anomaly of the thoracic inlet; 
3. stenoses and strictures: traumatic, inflam- 
matory, arteriosclerotic, and those secondary 
to anomalies of the thoracic inlet; and 4. arteri- 
ovenous fistulas. 


The site of origin of the subclavian artery and its 
interrelationships with other vessels vary consider- 
ably. Two or more branches of the aorta may be so 
close as to have a common origin from the arch. The 
number of branches may be more or less than normal. 
Fewer branches are seen in association with a double 
aortic arch or a common bicarotico-subclavian trunk. 
An example of an increase is the isolated origin of 

each carotid artery. A fairly common anomaly is the 
crossed subclavian artery (arteria lusoria). Dilata- 
tion of the aorta and its main branches is frequently 
seen in cases with stenosis of the aortic isthmus. In 
this condition, the subclavian artery 1s usually di- 
lated and the ribs are notched (more commonly on 
the right side). In pseudocoarctation, the left sub- 
clavian artery is dilated and arises more distally 
than its usual site of origin. Congenital aneurysms 
and fistulas of the subclavian artery are uncommon. 

Buckling of the subclavian artery is probably due 
to degenerative changes and hypertension. The con- 
dition may be suspected in the presence of an asymp- 
tomatic swelling at the insertion of the sternocleido- 
mastoid muscle and it may be responsible for a 
Horner's syndrome. Acquired aneurysms of the sub- 
clavian artery are rare. The diagnosis is important 
hecause of their tendency to rupture, their pressure 
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on neighboring organs, and the possibilitv of stenosis. 
The symptoms include local pain, dyspnea, dys- 
phagia, paresthesia in the arm and alterations of the 
pupil on the homolateral side. Aneurysms may be 
due to a cervical rib or an abnormal position of the 
anterior scalenus muscle. The effects of stenosis or 
stricture of the subclavian artery depend chiefly on 
the efficiency of the collateral circulation. Some pa- 
tients may develop gangrene of the involved ex- 
tremity and others may be asymptomatic. The sub- 
clavian artery may become involved as a result of a 
“whiplash” injury, direct trauma to the vessel or 


secondary to a fracture of the clavicle.— 7. Zausner, 
ALD. 


Goucu, M. H., Gurney, E. J., and Kinmonrn, 
J. B. Lymphangiography: new techniques 
and uses. Brit, M. F., May 4, 1963, 7, 1181— 
1184. (From: Department of Surgerv, St. 
Thomas's Hospital Medical School, London, 
England.) 


The authors devote a large section of their article 
to materials and techniques used in their work with 
Iymphangiography. Of interest is the fact that they 
prefer general anesthesia in performing their studies 
and the use of a Zeiss operation microscope for dis- 
section and injection of the contrast material. Diffus- 
ible dye patent blue violet is employed for identifica- 
tion of the lymphatics and ultrafluid lipiodol, which 
is similar to ethiodol, as the contrast agent. Dosage 
schedules used were 0.25 to 0.3 ml. /kg. 

Four case reports are presented with pertinent 
lymphangiograms of the pathologic conditions. 

There follows a short discussion of endolymphatic 
radiation therapy that they have utilized. They now 
infuse radioactive gold into the appropriate lymph 
trunks (and thus into the regional lymph. nodes) 
in all patients with malignant melanoma of the limb. 
This is done in the absence of clinical Iv mphade- 
nopathy. Au!®* doses for the leg have been from ṣo to 
7 ๐ me, and in the arm from 30 to 40 mc. The doses 
are infused in a volume of 30 mc/ml. at a rate of 
about o.4 ml/minute. Following treatment there 
may be a brisk local reaction at the lymph node sites, 
which subsides after 6 to ro days, and leaves the 
lymph nodes somewhat enlarged and indurated. The 
authors state that the results in a small number of 
patients who have been followed for 3 vears have 
been encouraging. —J iam K. Littman, M.D. 


WELLAUvER, Joser, DEL Buono, M. S., and 
RUTTIMANN, A. Die Lymphographie als 
neues Ermittlungsverfahren des Metastasen- 
status im TNM-System. (Lymphography as 
a new means of establishing the status of 
metastases in the TNM-system.) Sirahlen- 
therapie, April, 1963, 720, 631-640. (From: 
Rontgendiagnostisches Zentralinstitut und 
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Radiotherapeutische Klinik der Universitat, 

Zurich, Switzerland.) 

For more accurate classification, lymphography 
replaces palpation as a clinical means of establishing 
the status of metastases in the TNM classification 





system (T---primary tumor; N—lymph nodes; 
M-—-distant metastases), particularly in evaluating 


malignancies of the genitourinary tract and the 
rectum.— Henry G. Moehring, M.D. 


RADIATION THERAPY 
1 ไอ ท ๒ -5 ช อ ม ซ , HaroLb F., Bianpy, Jonn P., 
and Dayan, ANTHONY D. Treatment of 


tumours of the testis; 282 testicular tumours 
seen at the London Hospital during 1926-61. 





rology, and Pathology, The London Hospital, 
London, England.) 


The authors present an analysis and discussion of 
201 testicular tumors treated bv simple orchidec- 
tomy and postoperative irradiation between 1926 
and 1961 at the London Hospital. One of the main 
reasons of the study was reappraisal of the value of 
lymphadenectomy in the treatment of testicular 
tumors, and in particular, teratomas. The multiple 
sources of error are considered in comparing results 
from different centers, especially as regards the path- 
ologic classification. Quite a lengthy discussion about 
this problem is presented. As an example is cited the 
incidence of seminoma which is given as 35.4 per cent 
in a series of Patton et al. (1960), whereas in most 
British series it may amount to £o to 60 per cent of 
the total. 

In the present series of 201 cases suitable for analy- 
sis, simple orchidectomy was performed and when 
the wound healed, the patient was treated with ir- 
radiation. Since 1958 cobalt 6o teletherapy was em- 
ployed to treat all cases, using a pair of parallel and 
opposing fields, treating pelvic and para-aortic lymph 
nodes as a unit to a tumor dose of 3,000 rads in 4 
weeks for seminoma and 3,§00 to 4,000 rads in 4 
weeks for teratoma and embryonal carcinoma. The 
kidneys were shielded by lead blocks. 

A chart depicts the age incidence and in this series 
shows that seminoma involves an older age group of 
men, whereas teratoma is essentially a disease of 
young men. This is at variance with some other re- 
ports. 

In the whole series there were: 24.4 per cent semi- 
noma, 42 per cent teratoma, and 3.6 per cent other 
tumors according to Dixon and Moore (1952); com- 
pared to the classification of Patton ef al. (1960), the 
latter give a much lesser incidence of seminoma and 
much greater incidence of embryonal carcinoma. 

The clinical features as to modes of appearance of 
the tumors and incidence in undescended testes are 
described. 
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The present analysis revealed an 87 per cent crude 
survival rate for seminoma and 68.7 per cent for 
teratocarcinomas. The 68.7 per cent is compared 
with Patton's (1960 and 1962) results of $4.4 per 
cent crude survival rate for teratocarcinomas. The 
authors suggest that their seminoma group may have 
some tumors that would have been classified as em- 
bryonal carcinoma in Patton’s group which would 
have the effect of excluding a substantial proportion 
of less malignant tumors from their series. 

The authors conclude that the results with radi- 
ation therapy are not only not significantly worse 
but may even be a little better than when lymph- 
adenectomy is added, and this prompts a more 
critical appraisal of the theoretic basis on which 
lymphadenectomy has been advocated. Also, the 
assumption that certain teratomas are radioresistant 
is discussed and the view is expressed that this as- 
sumption is open to criticism. They state that pres- 
ent day evidence supports the fact that proper treat- 
ment for all varieties of testicular neoplasm is 
orchidectomy, supplemented by radiation therapy, 
without surgical removal of the abdominal lymph 
nodes. illiam K. Littman, M.D. 


Frocks, R. H. Combination therapy for local- 
] 3 , | À j . : 
ized prostatic cancer. 7. Urol, June, 1963, 


The author presents a classification of the stages of 
prostatic cancer which is clinically useful. He divides 
this disease into local lesions limited to the prostate, 
with subdivisions of lymph node and bone marrow 
dissemination; and local lesions with extraprostatic 
invasion which includes approximately 80 to 95 per 
cent of his cases, Similarly, the latter group is divided 
into those who have lymph node or bone marrow dis- 
semination and those who do not exhibit such dis- 
semination, 

Patients with carcinoma confined within the cap- 
sule of the gland have a good prognosis following 
radical surgery. In those instances, where the disease 
has extended beyond the prostatic capsule, evalu- 
ation is made by lymph node biopsy and bone 
marrow evaluation. Some of these early cases can be 
treated by radical prostatectomy combined with 
radioactive gold instillation as adjuvant therapy. 
This combination has been used in a total of 41 pa- 
tients with excellent results in that only 2 developed 
local recurrence. These 2 patients were from a group 
with large local lesions and much local extension. 
Four of 32 cases followed over 10 years and 7 of 12 
cases followed 8 years are alive and clinically free of 
cancer after such therapy. Other forms of adjuvant 
therapy such as cobalt 60 teletherapy, alkylating 
agents, large doses of diethylstilbestrol, or endocrine 
management might also be very valuable in these sit- 
uations. Ín some instances pulmonary metastases 
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have disappeared following the use of nitrogen 
mustard intravenously and the same results may be 
seen after the administration of diethylstilbestrol. 
There are 8 simple and compound diagrams to 
illustrate this article.—George W. Chamberlin, M.D. 


Moore, J. G., CHANG, Norman H., Scorr, 
EarL, and Morron, Danie, G. The early 
assessment of irradiation therapy in cervical 
cancer. dm. Y. Obst. € Gynec., July, 1963, 56, 
677-692. (From: Department of Obstetrics 
and Gynecologv, UCLA School of Medicine, 
Los Angeles, Calif.) 


In attempting to predict the effectiveness of radi- 
ation therapy in cervical cancer two other param- 
eters are evaluated in addition to the conventional 
radiation response (RR). These are the initial radi- 
ation response (IRR) and the clinical response (CR). 
The aim is to obtain a reliable measure of radiocura- 
bility at a time early enough so that treatment fail- 
ures could be identified and. effective surgical inter- 
vention could be instituted. 

The IRR index is determined in the same fashion 
as the RR with specimens being obtained at 7 and 
10 days after completion of the first vaginal radium 
application. The CR index represents the clinical ob- 
servations made during the first 6 weeks following 
radiation therapy and includes a general appraisal 
and evaluation of superficial healing of the lesion, 
chrinkage of the cervix and associated tumor tissue, 
disappearance of induration and the attainment of 
pliability of tissues and movability of pelvic struc- 
tures, 

A total of 111 patients was studied with histologic 
diagnoses and staging being utilized throughout. The 
radiation therapy schedule whenever possible was 
radium, external irradiation and radium over a 30 
day period. The cytologic methods are described in 
detail. The patient survival follow up figures are 
given in terms of t-$ years with 81 per cent of the pa- 
tients being 2 years Or more post-treatment. 

Seventy-seven per cent of patients in whom a good 
RR response was seen were alive and well from 1 to 
5 years after treatment. In Stage 1 and 11 87 per cent 
of patients with a favorable RR were alive and 70 
per cent of patients with a poor RR were dead during 
the observation period. 

Evaluating the IRR and patient survival in 5tage 
1 and 11 cases, 83 per cent of the patients with a good 
IRR were alive and well and 33 per cent of the pa- 
tients with a poor ERR were alive and well during the 
observation period— percentages quite similar to the 
RR correlation with patient survival. 

Correlating patient survival with combined CR 
and cytologic response (CR+RR) in Stage 1 and 1 
cases, à 92 per cent survival was noted when a good 
CR plus RR occurred and no patients with a poor 
CR and poor RR were alive. 
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The authors feel that the IRR 1s a valid cytologic 
test in the early assessment of radiation sensitivity 
but point out the fact that the series 1s small, the 
follow up period is short and the methods are com- 


plex.—PAilip Rubin, M.D. 


Miticevic, DraGosLav, and Nixo tic, SLOBO- 
DAN. Beobachtungen tiber die Ursachen des 
Auftretens von Ármódemen bei behandelten 
Mammakarzinomen sowie Möglichkeiten 
ihrer Verhiitung. (Observations of the causes, 
and their avoidance, of arm-edema in treated 
carcinomas of the breast.) Strah/entherapie, 
Feb., 1963, 720, 219-227. (From: Chirurgi- 
sche Abteilung des Instituts. für Krebs- 
forschung der Medizinischen Fakultat, Bel- 
grad, Jugoslavia.) 


The authors studied 370 patients with carcinoma 
of the breast during 1955-1960. Of 224 patients 
treated for mammary carcinoma during the first 3 
years, 30.1 per cent developed edema of the arm 
(even slight edema detectable only by measuring the 
two arms was included). Of those not receiving pre- 
operative irradiation (168 patients), 13 per cent de- 
veloped edema, as compared to 64.5 per cent of the 
preoperatively irradiated (irradiation consisted of 
1,000-2,000 r to each of these fields: axillary, para- 
sternal, supra- and infraclavicular, and medial and 
lateral tangential mammary). Of the patients treated 
in 1960, 21.8 per cent developed arm edema (those 
not receiving preoperative irradiation, 11.1 per cent; 
and those with preoperative irradiation 35.7 per 
cent). 

In contrast with this effect of preoperative irradi- 
ation, no relationship could be demonstrated between 
postoperative irradiation and arm edema. From the 
surgical standpoint, sparing the pectoralis minor 
muscle reduced the incidence of arm edema. 

Phlebography demonstrated instances of stenosis 
of the axillary vein after preoperative irradiation, be- 
fore operative treatment; therefore, irradiation is 
presumed to be the cause of this stenosis. In a num- 
ber of patients, surgical re-intervention after de- 
velopment of edema showed massive, stricturing scar 
formation about the axillary vein. Excision of this 
scar tissue resulted in decrease of the edema if the 
excision was done within 3 months of the appear- 
ance of the edema. 

The authors conclude that arm edema results from 
obliteration of the axillary vein and blockage of the 
lymph channels with failure of formation of col. 
lateral venous channels via the cephalic vein. Reten- 
tion of the pectoralis minor muscle, particularly in 
patients irradiated preoperatively, considerably de- 
creases the incidence of arm edema. They advocate 
early postoperative mobilization of the extremity and 
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close attention to attaining primary wound healing. 
—Henry C. Moehring, M.D. 


SEDLIN, Erras D., and FLEMING, ไอ ว ร ธร ร L. 
Epidermoid carcinoma arising in chronic 
osteomyelitic foci. 7. Bone & Joint Surg., 
June, 1963, 45-4, 827 838. (From: Henry 
Ford Hospital, Detroit, Mich.) 


The authors note that go cases of epidermoid 
carcinoma arising in cases of chronic osteomyelitis 
have been reported in the literature since 1940 and 
they add 13 cases. Squamous cell carcinoma of the ex- 
tremities comprises 1 to 2 per cent of all squamous 
cell cancer, and of these 2.5 to 4.5 per cent are second- 
ary to osteomyelitis. The incidence of epidermoid 
carcinoma in chronic osteomyelitis is approximately 
O.5 per cent. 

In the reported cases there was a 30.5 year mean 
duration of the osteomyelitis before the development 
of carcinoma, It occured most frequently in middle 
aged men in the lower extremity and the malignant 
change developed in the epithelium lining the sinus. 
Sarcoma, adenocarcinoma, basal cell carcinoma and 
plasmacytoma have also been reported. 

The symptoms caused by the carcinoma are usu- 
ally manifested as an exacerbation of chronic or in- 
termittent symptoms of a chronic osteomyelitis. 
There 1s pain, increased discharge, fetor and an ulcer 
or mass may develop at the mouth of the sinus or the 
lesion may be deep in the tract. Occasionally there 
may be bleeding or pathologic fracture. Associated 
with this there is often local inflammation and the 
enlarged lymph nodes may therefore be either in- 
flammatory or metastatic, 

Roentgenographic studies as a rule show no bone 
changes, but occasionally radiolucency may occur in 
a previous area of sclerosis or there may be a more 
pronounced zone of bone destruction. 

In the cases collected from the literature metas- 
tases occurred within 18 months, and therefore a pa- 
tient who survives 3 years can be given a good prog- 
nosis. Metastases can be expected to occur in 20 to 
30 per cent of cases. In the 102 cases reviewed 22 had 
regional or visceral metastases and only 3 survived. 

Amputation is usually the treatment of choice. The 
authors feel that enlarged regional lymph nodes 
should be biopsied when the primary lesion is biop- 
sied. If these are positive, a radical lymph node dis- 
section followed by irradiation should be done in 
addition to amputation. 

The 13 cases are well documented and there are 
roentgenographic reproductions of 3 cases showing 
bone destruction due to tumor growth. References 
are given for all the 9 ๐ cases reported 1n the literature 
since 1940.— Martha Mottram, M.D. 


Rose, Raymonp G., HARTFIELD, James E. 
Kersey, Mavis P., and MACDONALD, 
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ELEANOR J. The association of thyroid cancer 
and prior irradiation in infancy and child- 
hood. 7. Nuclear Med., July, 1963, 4, 2497258. 
(From: The Endocrine-Isotope.Service, De- 
. partment of Medicine, and the Department 
of Epidemiology, The University of Texas 
M. D. Anderson Hospital and Tumor Insti- 
tute and The University of Texas Post- 
graduate School of Medicine, Houston, Tex.) 


Of 426 cases of thyroid cancer seen at the M.D. 
Anderson Hospital from 1944 to 1961, a total of 216 
living patients were followed up at the time of this 
report. 

Seventy of the 216 had received prior irradiation 
with 65 of the 7o being irradiated in the head, neck 
and chest area. Acne of the face and neck was the 
most common cause for irradiation. Five cases re- 
ceived thymic irradiation. The average latent period 
from irradiation to diagnosis of thyroid cancer was 12 
years. 

One hundred and seventy five of the 0 patients 
were matched with respect to age, ethnic group and 
geographic residence as far as possible with 175 pre- 
sumably well patients from the Strang Cancer Pre- 
vention Clinic in New York City. The latter acted as 
& control group. 

Comparing . the M.D: Anderson patients with the 
Strang patients there was a significantly higher in- 
cidence of cancer in the irradiated patients than in 
those with no previous : irradiation. Caution is ad- 
vised in the use of irradiation for benign.head, neck 
and chest conditions in.infants and children. — 
T Rubin, M. D. 

FRISCHBIER, E Hine Jl sce and Kurric, HEL- 
MUT. Der Schutz der.Augenlinse in der 
Telekobalttherapie. (Protection--óf the lens 
during telecobalt therapy.) . Strahlentherapie, 
Jan, 1963, 720, 119-122. (From Czerny- 
Krankenhaus für Strahlenbehandlung -, der 


Universitat, Heidelberg, Germany.) : 


During telecobalt therapy of fields which include 
the eye, the authors protect the lens by inserting a 12 
mm. lead cylinder, 8 cm. long in the beam. They de- 
scribe the arrangement for attaching this cylinder to 
the radiation port and for shifting it, as required, in 
the beam; it may be placed eccentrically. 

Isodose curves indicate that the dose at the lens is 
approximately Io per cent of the maximum dose in 
the field.—Henry H. Moehring, M.D. 


RADIOISOTOPES 


RAZZAK, MUHAMMAD ABDEL. The use of a modi- 
fied radioactive test for evaluating the periph- 
eral circulation. Y. Nuclear Med., May, 1963, 
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4, 244-248. (From: Faculty of Medicine, 
Cairo University, and Atomic Energy Estab- 
lishment, Cairo, U.A.R.) 


The peripheral circulation can be studied by using 
either nonradioactive or radioactive tests. The non- 
radioactive tests are indirect and have many vati- 
ables that are difficult to control and to interpret, 
whereas tests using radioactive isotopes are direct 
and have fewer variables. 

Radium C was used to study the peripheral circu- 
lation by Blumgart and Yens in 1927. Artificial radio- 
active isotopes were subsequently used, and there 
were problems in diffusibility and irregular distribu- 
tion. Krieger develóped an accurate method using 
radioactive iodinated human serum albumen (RISA) 
for evaluating the peripheral circulation. The au- 
thor modified Krieger's method by lowering the dose 
of RISA and using tolazoline hydrochloride (prisco!) 
instead of heat to dilate the vessels. 

The modified tests were done in a quiet, draft-free 
and relatively constant temperature room. Twenty 
microcuries of RISA were injected and the uptake 
was measured by a scintillation detector placed in 
contact with the ball of the foot. The detector was 
attached to a counting rate meter and a strip chart 
recorder. When a plateau was reached, 10 mg. of 
priscol was injected and 3 minutes later another 20 
uc of RISA was injected; the difference between 
the uptake curves obtained before and after the 
priscol injection was calculated as a percentage of 
the original uptake curve. 

Forty-two cases were studied, and the increased 
radioactivity build up curve was 56:17 per cent 
(range 30 to 91 per cent) in normals, and 15:7 per 
cent (range 2 to 25 per cent) in those with poor 
peripheral circulation. The results obtained from the 
tests agreed well with the clinical findings.— 
Charles W. Cooley, M.D. 


50 ๐ 0 ธ ๒ , D: Bruce. Clinical usefulness of the 


^. T?! triiodothyronine erythrocyte uptake test. 


F.A4.M.A., July 13, 1963, 785, 100-102. (Ad- 
dress: Walter Reed Army Medical Center, 
Washington, D. C.) 


` A total of 1,223 I"! is vitro triiodothyronine 
erythrocyte uptake tests was done on 1,033 patients 
using the method of Hamolsky, Stein and Freidberg. 

: Euthyroid patients (667) showed an 85 per cent 
correlation with the clinical impression of euthyroid 
state with 115 patients showing an elevated value 
for reasons unknown and 2 patients showing low 
values. 

Hyperthyroid patients showed a 98 per cent corre- 
lation with the clinical hyperthyroid state. Following 
I! therapy a few patients showed elevated erythro- 
cyte uptake values even though their clinical states 
had returned to normal. 
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Hypothyroid patients of pituitary origin showed 
$2 per cent correlation and surgically induced or It 
induced hypothyroidism showed a 60 per cent corre- 
lation with the clinical hypothyroid state. The PBI 
and RAI uptake values showed 95-100 per cent 
correlation in these two groups. 

A list of factors which increase, decrease or have 
no influence on the erythrocyte uptake test is given 
and sources of technical errors in performing the test 
are enumerated, 

The author concludes that the in vitro erythrocyte 
uptake determination is a useful supportive test in 
the evaluation of thyroid function, particularl y when 
iodine medication or roentgenographic contrast 
media interfere with the I! uptake and PBI de- 
terminations. —PAilip Rubin, M.D. 


Hospital and the Departments of Medicine 
and Biechemistry and Nutrition, School of 
Medicine and School of Tropical Medicine, 
University of Puerto Rico, San Juan, Puerto 
Rico.) 

Thirty-three cases of acute myocardial infarction 
were studied, especially regarding the erythrocyte 
uptake of radioactive triiodothyronine (Ts). Serial 
determinations were made in 24 of the cases. A 
transient elevation of the T; uptake was found in 19 
cases. The elevation usually appeared during the first 
week and the peak values were between 20 and 25 
per cent (normal 11.5 to 18.§ per cent). The abnormal 
level persisted from 2 to 5 days. The administration 
of heparin and dicumarol did not influence the T; 
uptake values. 

Twenty-two cases with various types of cardiac 
arrhythmias were also studied regarding the ervthro- 
cyte uptake of T; and 7 cases showed elevated 
values. These 7 cases had either myocardial infarc- 
tion, advanced liver or renal disease. 

The authors suggest that possibly some unknown 
substance or substances could be released from the 
damaged myocardium that would increase the 
afinity of the erythrocytes for T3.—-Charles JF. 
Cooley, M.D. 


The authors have performed radioisotope scan- 


Abstracts of Radiological Literature 247 


ning of the liver on children of all ages, from 3 
months upward without any untoward reactions. It 
is often necessary to administer moderate sedation 
to younger patients since they must remain still dur- 
ing the procedure which lasts for 20 minutes to 1 
hour depending upon the liver size. 

The method has been found helpful in the diag- 
nosis of space-occupving lesions of the liver, the differ- 
ential diagnosis of abdominal masses, the determina- 
tion of position and size of the liver, evaluation of the 
results of chemotherapy and radiation therapy, and 
preoperative evaluation of patients with malignant 
tumors. 

Several representative scans are presented which 
vividly demonstrate the usefulness of the procedure. 
—Francis P. Shea, M.D. 


ZUPPINGER, A., Porerri, G., SCHWARZ, K., 
Z^ORALEK, P., and Arni, H. Disturbances in 
the tritium content in organs after irradi- 
ation. Radiol. clin., 1963, 32, 402-410. (Ad. 
dress: Prof. Dr. A. Zuppinger, Róntgeninsti- 
tut der Universitat, Inselspital, Bern, Swit- 
zerland.) 


The tritium content of the organs of mice sub- 
jected to x-irradiation (240 kv., half value layer of 
1.2 mm. Cu, filter o. mm. Cu) was determined after 
the instillation of tritiated water (THO) intraperi- 
toneally, There were changes in the tritium content 
of the tissues at different times after irradiation. 
There was a biphasic course of the tritium content in 
the brain and liver during the first 2 weeks after ir- 
radiation and this was thought to be due to a greater 
disturbance in the elimination of THO than in the 
uptake of THO. The depression of the tritium con- 
tent 2 weeks after irradiation was thought to be due 
to a greater disturbance in the uptake of THO. 

The tritium content in the skin of rats subjected to 
x-irradiation (100 kv., half value layer of 1.78 mm. 
Al, 2,000 r in one seance) was determined after the 
injection of THO intraperitoneally. The results were 
similar to those found in the mice studies. There was 
also an indirect radiation effect in the nonirradiated 
skin of a locally irradiated rat. The nonirradiated 
leg showed an equal disturbance in the tritium up- 
take as compared to the symmetric irradiated leg. 

The authors reported the above (although incom- 
plete) results, as they felt that this method of study 
could give valuable information regarding the 
mechanism of action of ionizing radiation, The in- 
direct effect can explain certain general reactions 
after a clinical treatment and can lead to a better 
understanding of the nature of radiation damages.— 
Charles W. Cooley, M.D. 


ALLT, W. E. C., and H UNT, J. W. Experience 


with radioactive tantalum wire as a source for 
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interstitial therapy. Radiology, April, 1963, 
So, 581-587. (Address: The Princess Mar- 
garet Hospital, soo Sherbourne Street, 
Toronto £, Ontario, Canada.) 


Since January 1959, 126 cases of cancer of the 
mouth and neck have been treated using tantalum 
182 wire, and 73 of these have been followed for one 
or more years. Ta!* has a half life of 111 days, with 
go per cent of its energy in the approximate 1.2 mev. 
gamma range. The K factor is 6.1 r/hr./mc at 1 cm., 
as against 8.25 r/hr./mc at 1 cm. for radium. There is 
little difference between characteristics of the radi- 
ation from radium, Co, or Ta!?, The Ta'*? is sup- 
plied in two strengths, with cross section diameters of 
0.2 mm. and 0.28 mm., and linear strengths of 0.4 
and o.7 mg. radium equivalent per centimeter of 
wire. The wire is surrounded by a 1 mm. sheath of 
platinum and is not appreciably absorbed from tissue 
implants. 

The wire is highly malleable and ductile, being 
easily cut to the correct length and may be bent to 
any desired shape. This is of advantage in use about 
the mouth and neck, giving good isodose patterns 
and being more comfortable for the patient. The 
basic technique has been after-loading, using spinal 
needles, then securing the wire with small split shot. 
Used wire is returned to the Atomic Energy Commis- 
sion of Canada for disposal. Use of Ta!* wire requires 
a good Physics Department for measurement and 


calibration.— ames C. Moore, M.D. 
MISCELLANEOUS 


Tors, G., and GASBARRINI, G. Alterations of the 
microscopic structures of the human in- 
testinal mucosa irradiated by means of small 
doses of x-rays. Radiol. clin., 1963, 32, 47-50. 
(Address: Prof. Dr. G. Tori, Radiological 
Institute, and Dr. G. Gasbarrini, Institute of 
Clinical Medicine of the University, Bologna, 


Italy.) 


Gross and microscopic alterations of the small in- 
testine are well known following large doses of radi- 
ation, and usually the larger the dose, the more seri- 
ous the changes. Most experimental studies have 
been done using large doses of radiation. 

The purpose of the present study was to determine 
the changes in the small intestine by means of the 
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electronic microscope after administration of radi- 
ation doses of £o and 100 rads through a 8 X 10 cm. 
field in 1o patients undergoing treatment for car- 
cinoma of the uterine cervix. 

Biopsy of tissue was obtained im vivo and im- 
mediately fixed for microscopic study. Reported ob- 
servations concern only the epithelial cells lining the 
villi. There were two groups of § patients, one group 
having received 50 rads and the other 100 rads. Tis- 
sue was obtained 4, 6, and 12 hours following irradi- 
ation. In the patients receiving 5o rads, no change 
was seen. There were changes in the patients who re- 
ceived roo rads; these changes involved the ultra- 
structures and consisted of the presence of large- 
sized endocytoplasmatic granules and alterations of 
the microvilh. 

The authors submit the hypothesis that the 
granular formations may represent different meta- 
bolic conditions in the structures which make up the 
enzymic patrimony of the cells—Willam K. Litt- 
man, M.D. 


Scuinz, H. R., and WIDEROE, R. (Zürich, 


Switzerland.) Das Planck und das rad: 
Probleme der Strahlenmessung in neuer 


Sicht. (The planck and the rad: problems in 

radiation measurements from a new point of 

view.) Schweiz. med. Wehnschr., June, 1963, 

Q5, 837—838. 

The authors again call attention to the lack of 
clarity in the present-day conception of definitions 
and units in the fields of measurement of radiation 
energies (radiometry) and radiation dosages (dosim- 
etry). They feel that a clear uniformity in these 
measurements is only possible if definite practical 
units are made available for these two areas. In order 
to accomplish this they propose a new special unit— 
the planck (p) 3,000 erg/cm?.—for the measure- 
ment of the density of radiation in a field of quanta 
of particle radiation. The unit of radiation intensity 
(1 p/sec. or 3,000 erg/cm?. X sec.) together with the 
rad (100 erg/gram), the unit for absorbed dose, 
covers practically all radiologic measurements. The 
roentgen 1s based on measurement of ionization in 
air. It should be regarded as a supplementary unit 
for special measurements and as an intermediate 
step in the evaluation of radiation densities in 
plancks and dosages in rads.— Otto Glasser, Ph.D. 
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When the problem is to get good diagnostic detail with minimum 
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expected, sheet after sheet. 
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paring for Registry 
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Based on many years of successful teach- 
ing experience, this guide consists of self- 
testing questions on every phase of x-ray 
technology ... ethics, nursing procedures, 
contrast media, terminology, prefixes and 
suffixes, anatomy and physiology, dark- 
room, radiographic quality, physics, radio- 
active substances, radiation protection, 
routine radiography, special procedures, 
and positioning. 
For answers the student may refer to his 
classroom lectures and to an excellent list 
of textbooks and handbooks contained in 
the study guide. SPECIAL FEATURE: 
Printed answers are included in the back 
of the book— perforated for easy removal 
at the discretion of the instructor. 
By 
JOYCE OLIPHANT, 
Met i mone 
B.S.. R. T. (ARXT) 
Chief Instructor 
y Soa l An eder 
X-Ray School of Technology 
Macon Hospital 
AT. DE * 
Macon, Georgia 
The student who has completed this 
course of study will be well prepared for 
his Registry Examination. The book will 


to check their students’ progress, to be- 
ginning teachers who are looking for 
guidance in organizing their subject ma- 
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Retrograde pyelography with “low incidence of reactions"! 


Unlike other retrograde con- 
trast media, which produce a 
high reaction rate (25-35%), 
side effects are negligible with 
Retrografin — a unique agent 
that combines a bactericidal 
agent of choice with a uro- 
graphie medium. Efficacy and 
virtual absence of side effects 
have been amply confirmed in 
three reports covering a total 
of 840 patients.'^^ 

Clinicians are impressed by 
the diagnostic quality of films 
taken after Retrografin; well- 
defined ascending pyelograms, 
uniformly excellent in detail, 
have been consistently ob- 
tained.'? Retrografin permits 
retrograde pyelography in pa- 
tients with a known or sus- 
pected active urinary infection. 
Moreover, with Retrografin, 
new infection or spread of 
established infection was not 
reported.'^' 








RETROGRAFIN 


METHYLGLUCAMINE DIATRIZOATE INJECTION U.S.P. 
(RENOGRAFIN®) WITH NEOMYCIN SULFATE U.S.P., SQUIBB 


Dosage and Administration for single pyelogram: Retrografin—10-15 cc. For bilateral procedure: 
—correspondingly larger dosage. Warning: Retrografin should not be given intravenously or 
intramuscularly. 


Supply: Retrografin, providing 30% methylglucamine diatrizoate with neomycin sulfate equivalent 
to 2.5% neomycin base—vials of 25 and 50 ce. Contains approximately 15% (3.7 Gm. per 25 ce.) firmly 
bound iodine. The pH has been adjusted to 7.2-7.6 with sodium hydroxide. Contains 0.32% sodium 
citrate as a buffer, 0.04% disodium ethylenediamine tetraacetate dihydrate as a sequestering agent, 
0.1% methylparaben and 0.03% propylparaben as preservatives, and 0.2% sodium bisulfite. 


Precautions: Curare-like paralysis and respiratory arrest has occurred when neomycin was 
inadvertently introduced into the blood stream or peritoneal cavity, especially in anesthetized 
patients. Remedial measures, including assisted ventilation and the intravenous administration of 
calcium or neostigmine should be instituted. 


Contraindications: Should not be used for patients with known sensitivity to neomycin. For full 
information see your Squibb Product Reference or Product Brief. 





Sa 
ะ ห ต ชา Squibb Quality — 
b the Priceless Ingredient 
ค อ เอ ๒ DIVISION Olin 


References: (1) Brimberg, J., et al: New York J. Med. 59:2186 (June 
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1) 1959, (2) Bloom, d., and Richardson, J. E.: J. Urol. 81:332 (Feb.) SQUIBB Be 
1959. (3) Samellas, W., et al.: New York J, Med. 59:2570 (July 1) 1959. 
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CLYSODRAST FOR EFFECTIVE CLEANSING OF THE COLON 


CLYSODRAST used as an enema is an effective means of cleansing 
and preparing the colon for radiologic examination. 


The effective agent in CLYSODRAST is a nonirritant which stimulates the musculature 
to contract. The Tannic Acid in CLYSODRAST has a favorable influence on the 
deposition of Barium Sulfate on the mucosa and aids in preparation of the colon. 


CLYSODRAST 4,4 (DIACETOXYDIPHENYL)-(PYRIDYL-2)-METHANE AND TANNIC ACID N.F. 


Note: Cramping, weakness, nausea and fainting occur more often with this 
product than with less effective enemas. It should be employed with caution 
where colitis is known to exist. Warning: Use with great care in patients 
where old age, debility, cardiovascular or other diseases are present. 
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Among the finest... 


Gevaert 


GEVAERT 


X-RAY FILM 


Exclusive Distributors: 


LOW X-RAY CORPORATION 
161 Sixth Avenue, New York 13, N. Y. 


Other Offices: 
Atlanta » Chicago » Houston » Los Angeles 
Nationwide Warehousing 





FOR X-RAY DIAGNOSIS... 


NTROPAQUE 
BARIUM SULFATE, U.S.P. 91% 


This highly-processed for- 
mula was developed to 
satisfy multiple criteria for 
an ideal suspension, and 
has optimum particle size. 









b Gives a smooth, even 
coating to the stomach, 
small bowel, and colon. 

๒ Will not dry or “flake” 
in the colon for an 
hour or more allowing 
re-examination on 
same visit. 

» Non-foaming, stable 
formula allows excess 
suspension to be 
saved and used 
another day. 

b» Will not precipitate or 
agglutinate in the 
stomach to cause 
factitious lesions. 

b» Remarkable ability to 
overcome pylorospasm. 


ERR: 
anggel 
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There are times when the 
finest sterling will not do... 


P the manufacture of Ansco X-ray 
films is one of them. You see, the emul- 
sion on Ansco X-ray films must contain 
only the purest silver. And still it must 
pass eritieal inspection throughout all 
stages of manufacture. If it doesn't... 
out it goes. 

Why so much attention to silver? It's 
the very heart of X-ray film. The better 
the silver, the better the film. It's one of 
the chief reasons Ansco X-ray films pro- 
vide radiographs with responsive vari- 
ations of density —radiographs with per- 
feet contrast, and with the maximum 
definition and sharpness so vital to con- 
fident diagnosis. 

And we're just as particular about all 
other materials that go into Ansco X-ray 
films, from the dyes right down to the 
interleaving paper that separates each 
sheet of film. Care like this is why you 
can be sure of the finest radiographs 
possible when you use Ansco X-ray films. 

May we serve you? 








Makers of 
world-famous 
High-Speed 
X-ray Film 


Ansco 


X-RAY PRODUCTS 
GENERAL ANILINE & FILM CORPORATION 
BINGHAMTON. NEW YORK 
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UMLEE 


X-RAY TUBES 
ESPECIALLY 
DESIGNED FOR 


MAMMOGRAPHY 


The HRZ-331 is for Mammography only and features a BERYL- 
LIUM WINDOW, which enables achievement of techniques where 
the minimum filtration is desired. 


Select the x-ray tube best suited 
to your needs . . . whether it be 
exclusively for mammography, or 
mammography and general 
radiography. 
























'The HRZ-3M is for Mammography and Radiography in combination 
and features a controlled thickness window for the lowest possible 
filtration with a glass envelope. 


BOTH INSERTS EMPLOY: 


Closer anode-to-cathode spacing, for higher milliamperage at low 
KvP, without a great reduction in filament life. 


DESCRIPTIVE LITERATURE COVERING BOTH 
TUBES IS AVAILABLE UPON REQUEST 


CORPORATION 


DEPT.B 1023 S. PUSHECK RD. B BELLWOOD, ILLINOI 


164 Telephones: Bellwood: LInden 7-9535 « Chicago: COlumbus 1-693 
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d Fluoricon proves there’s more to it than meets the eye! 
What you see here is a remarkable wedding of electronics, 
optical science and radiology. The fluoroscopist with a 
General Electric Fluoricon Image Intensifier enjoys many 
distinctive advantages and conveniences. Not only is 
visual acuity improved, but the entire image is seen 
by both eyes simultaneously. And work can 
be carried out right in room light. Strictest 
quality is assured by start-to-finish G-E 
manufacture — including all optical 

elements and camera. Motion cinefilming 

is carried out as easily as conventional 
fluoroscopy; so radiologists can readily restudy 
sequences before making a diagnosis. There also 
is instantaneous selection of direct viewing and 
cinefilming, or television viewing and cinefilming .. . 
a General Electric exclusive. These advantages 
characterize — but by no means summarize — 

the overall performance of a Fluoricon. For coverage 


in greater depth, please turn to the following page. 


Progress /s Our Most Important Product 
/ ๕ ๕ 
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PERFORMANCE WRAP-UP 


. . . facts on Fluoricon Image Intensification 





Image tube and optics: 


Fluoricon features an exclusive, distortion-free direct 
viewing system, created for it by G-E optical special- 
ists with extensive experience in this category of 
precision design. Optical system delivers bright, vir- 
tually life-size images. You see comfortably, with 
both eyes, thanks to four inch exit pupil . . . won't 
“lose the image” every time you move your head. 

Full viewing brightness is maintained even during 
cine filming — brilliance more than ample for two 
to see simultaneously using beam-splitting dual con- 
sultation mirrors. 


TV system: 


Expressly created for this application by General 
Electric engineers, the Fluoricon TV system delivers 
images of radiographic quality with minimal dosage. 

The vidicon camera housed within the optical hood 
features all-transistorized, ultra-reliable circuits, pro- 
ducing an image of exceptionally high resolution. 

Operation is extremely easy: simply flip a single 
lever to switch from direct to TV viewing. In either 
control attitude, filming is carried out by electrical 
switch action, automatically shifting technic to your 
preselected cine values. And all viewing modes re- 
quire only minimal warmup times. 


Brightness control: 


The automatic brightness control continuously stabi- 
lizes performance for direct viewing, cinefluorography 
and TV. It constantly maintains preselected density 


throughout filming, despite variations in patient thick- 
ness or opacity . . . functions exactly like a built-in 
automatic exposure meter. 


Cinefilming: 


Camera selection includes 35-mm synchronous, 
16-mm synchronous, and 16-mm nonsynchronous 
types. Synchronous oper- 
ation limits radiation to 
1/250th second per frame, 
sufficient to stop motion; 
provides you with an ideal 
cardio-pulmonary tool. 

The camera is mounted 
at eye level — lets you load 
and unload easily with cam- 
era in place. Eliminates any 
need to climb on stool, lad- 
der or table; and simplifies installations in rooms 
with low ceilings. 

Automatic optical compensation: swiveling the hood 
does not alter upright image orientation on cinefilm; 
this allows simultaneous viewing from both sides of 
the unit during consultations by use of the second 
observer viewer. Control placement also is preplanned 
for rapid easy operation. 
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The Fluoricon Image Intensifier can be supplied with, 
or added to, most present models of General Electric 
x-ray tables. See your G-E x-ray representative for 
full details; or write X-Ray Department, General 
Electric Co., Milwaukee 1, Wis. 
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Confidence 


Confidence ripens slowly, whether 

it's a patient's faith in the doctor or a 

physician's trust in the instruments of his 

profession. Understandably, over the years Ilford X-ray Films 
have earned the complete confidence of radiologists everywhere. 
High speed that reduces risk of involuntary movement on the 
part of the subject and sharpens detail; gradation that 
unfailingly produces a wide range of opacities with correct 
contrast; fineness of grain and greater reproducibility . . . these 
qualities are products of exacting research and highest scientific 
standards respected the world over. For Ilford X-ray 

materials crafted in the finest British tradition, contact 


your regular source of supply. 


ILFORD RED SEAL STANDARD ILFEX X-RAY FILMS + CHEMICALS » INTENSIFYING SCREENS 


ILFORD INC. 


37 West 65th Street, New York, N.Y. 10023 
In Canada: W. E. Booth Co. Limited, 12 Mercer Street, Toronto 2B 








NUCLEAR-CHICAGO’S NEW 
PHO/DOT SCANNER IS A 
STEP AHEAD IN 24 WAYS 


Since its introduction at a symposium in New 
Orleans in March, 1963, clinical investigators 
and diagnosticians have given the PHO/DOT 
scanner an enthusiastic vote of approval. 
Workers in the United States and Canada as 
well as overseas are ordering instruments in 
steadily increasing numbers. We attribute this 
warm acceptance by the medical community 
to the fact that this instrument offers nothing 
less than a new order of fidelity and conven- 
ience in clinical isotope scanning. 


With respect to fidelity, we state that PHO/DOT 
presents a superb display of the location and 
concentration of isotope-labelled compounds 
within selected organs or areas of the body. 
We invite your critical inspection of dot scans 
and photo scans produced by PHO/DOT. 


With respect to convenience, we draw your 
attention to a host of significant advances in 
human engineering and mechanical refine- 
ments that contribute materially to simplified 
procedures and all but eliminate the chance of 
operator error. 

PHO/DOT's faithful data presentation and op- 
erator convenience are rendered doubly valu- 
able by the instrument's remarkable reliability 
—attested to by an all-inclusive, one-year guar- 
antee that completely covers parts, labor, 
shipping, preventive maintenance, and travel 
time. Your Nuclear-Chicago sales engineer 
will welcome the opportunity to give you more 
complete information on PHO/DOT. — nue:p.s-246 


NUCLEAR-CHICAGO 


A Division of Nuclear-Chicago Corporation 





307 Howard Avenue, Des Plaines, lllinois « Telephone 312 827-4456 








V LEM FTR 0 N พ Clinically proven and accepted 
| m Attested in over 40 scientific papers 
VOLEMETRON is the original automatic, electronic blood volume computer now used in hospitals 


throughout the world to facilitate the management of blood loss and replacement, having proved 
itself by extensive experience and thousands of patient studies. 


Now you can obtain vital, precise blood volume data in your hospital —at the bedside, in the 
laboratory, or right in the operating room: 


W Quickly... within 15 minutes 
W Easily... VOLEMETRON itself guides the operator through the simple 3-step procedure 
W Accurately...to within 100 cc for an adult; to within 20 cc for a child 


VOLEMETRON is the recipient of national awards for excellence of design —a rugged, mobile, all- 
transistorized diagnostic instrument, built to perform dependably in daily hospital use. This 
versatile, lifetime-warranteed instrument is also used routinely for other diagnostic applications. 
For further information and literature, or to arrange a demonstration of VOLEMETRON in your 
hospital, write to: Sales Manager, Ames Atomium, Inc., 575 Middlesex Turnpike, Billerica, Mass. 
(Or telephone, collect: Area Code 617 — 663-6531.) —À 
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MAIL COUPON FOR FREE CATALOG! 


Medical — Dental — Industrial X-Ray Developing Tanks 


A complete selection of the newest 
X-ray processing equipment, Finest 
type 316 stainless steel construction. 
Counter top and self-standing styles. 
Insulated units, water tempering, 
and re-circulating equipment. 


send coupon for catalog B-36 


NAME. RE a 
Position 
COMPANY 


CCC 


ADDRESS . wi 


CITY & STATE 





je LEEDAL, INC. 


2929 ๐ . Halsted St., Chicago, I 





peg 312 Victory 2-6588 





See these units on display at the Medical Merchandise Mart, Lincolnwood, HH 


West Coast Office: McCauley Co., 1814 W. 8th St., Los Angeles 57, Calif. 
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CRONAR' 
polyester 
film 

base 


therefore 
CRONAR 
transports 
better 
than 
ordinary 
film 


IS 


almost 
impervious 
to water 
and 
processing 
solutions 


and 
doesnt 
Jam 

your 
automatic 
processing 
machine. 


SO It 
doesnt 

go limp in 
automatic 
processors; 


PHOTO PRODUCTS DEPARTMENT 


RE J. $ Pay. OFF 


Better Things for Better Living 
... through Chemistry 







SIEMENS 


UNIVERSAL 
PLANIGRAPH 


Single-section and simultaneous multisection radiography 
with the patient in any position 


Aimed body-section radiographs of standing, recumbent and obliquely positioned patients. Easy 
setting by motor drive. 


Simultaneous multisection radiography (visualization of several body layers with a single exposure). 
Visualization of thin as well as thick layers. 
Depth of object to be radiographed can be determined before the body-section radiograph is made. 


Four different travel speeds for selecting the most suitable planigraphic exposure time. Exposure 
times as short as 0.5 sec are attainable. 


Normai radiography with the x-ray beam vertical or oblique to the patient. 
No grid shadows due to built-in Catapult Bucky stereo-radiography (on request). 


Optional, variable focus-film distance for normal radiography with Catapult Bucky. 


SIEMENS MEDICAL OF AMERICA iNC., 685 Liberty Ave., Union, N. J. 
CONSOLIDATED X-RAY SUPPLIES CO. LTD., MONTREAL-QUE. 
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You can 


Pain has many faces...on the 
patient...on the impersonal reticle of an 


= 
patient oscilloscope... but, however you view it, patient 
D I discomfort and pain are ugly faces... : 
discomfort: 


Wolf X-Ray Products is justly proud of their 
contribution to the diminution of patient discomfort 
by their development of the new, improved 
disposable enema tip, rewarded with the 
confidence and endorsement of the profession 
throughout the world. 


Ease of insertion and firmness of retention, coupled 
with the truly hygienic value of disposability 
makes the Wolf ‘‘N’’ Tip the choice of the great 
majority of practitioners everywhere. Are 

you taking advantage of the values of the Wolf 
disposable ‘‘N’’ Tips?...Or are you viewing one of 
the faces of pain and discomfort?... 


Available in three sizes—Adult, Junior, and non 
self-retentive Infant style, the Wolf disposable ''N 
Tip is available to you as close as your nearest 
dealer. Won't you ask him to show you the end of 
your troubles? ... From Wolf—dedicated to 

create Tomorrow's Traditions... Today... 
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Main Office: 93 Underhill Avenue, Brooklyn 38, New York 


Western Service Center (Serving Areas West of Denver) 


1909 W. 9th Street, Los Angeles 6, California 





WRITE 
FOR 

FREE 
SAMPLES! 
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NEO-CHOLEX 
POWDER 


TASTES S0 DARN 


GOOD, | ALWAYS 
JOIN MY PATIENTS! 


Yes, that's what they're 
saying about NEO-CHOLEX 
POWDER, the new improved 
dry-state, oral fatty meal 
which provides vigorous 

and prompt cholecystokinetic 
response in 15 minutes! 


It is COMPLETELY STABLE, 


permitting prolonged storage. 
There are no more problems 


of separation or freezing. 


nis ints 


EASY TO USE-JUST ADD WATER AND SHAKE 


BELL-CRAIG, INC. 270 LAFAYETTE ST., NEW YORK 12, N. 
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An important 
new source for 
premium-quality 
X-ray film 

and chemicals 


DISTRIBUTOR OF 


ferrania 


RADIOGRAPHIC MATERIALS 
adivision of Cenco Instruments Corporation 


บ | แป 





X-RAY 





1800 Foster Avenue, Chicago, lllinois 60640 


Cenco, world's largest supplier of scientific instrt 
ments for education, research, health, and industi 
has joined hands with Ferrania, giant of the Europea 
film industry, to bring you exceptionally high quali: 
X-ray film and chemicals. Ferrania produces thes 
materials; Cenco X-Ray Company distributes an 
guarantees them in the United States. 


Ferrania film is transported under controlled tempe 
ature and humidity conditions. It is stored in thre 
warehouses, Atlantic coast, Middle West and Pacif 
coast, also under carefully controlled environment: 
conditions. Itis delivered to you in optimum conditioi 
These excellent products are now available through 
nationwide network of dealers at substantial saving 


Ferrania film is one of the world's most highly re 
garded and widely used X-ray films. For 35 years 
has been produced to exacting standards of uniform 
ty and performance. Absolute consistency, minim. 
base fog, high speed, excellent resolution, wide lat 
tude and high contrast are characteristic of eac 
sheet of Ferrania film. 


Ferrania, a part of the Fiat group, is one of the world 
largest manufacturers of photographic film. It is heat 
quartered in Milan, Italy, and has plants at Milan ar 
Ferrania, Italy, and at Buenos Aires, Argentina. 


Cenco Instruments Corporation, a major supplier 
scientific instruments and supplies to the Americe 
scientific community since 1889, has established 
completely new division, Cenco X-Ray Company, ' 
distribute Ferrania products in the U. S. 

The new team of Cenco and Ferrania brings yc 
radiographic materials of unmatched value — quali 
of the first order with economy. Close cooperatic 
between Cenco and Ferrania has resulted in X-ri 
film and chemicals that meet the most exacting neec 
of American radiologists. Your Ferrania dealer w 
be calling on you soon to tell you more. CXR-3- 














Ferrania X-ray films give you superior radiographs of hips, spines, and all other partsc 
the body. These films produce radiographs with excellent definition and contrast, an 
minimal base fog. And they are consistent—sheet after sheet, month after month—ever 
film meets Ferrania's high standards of performance. # Want to look at more hips o 
the same budget? There are substantial savings to be made with Ferrania film. 8 Ther 
are superb Ferrania films for use with and without intensifying screens. There are als 
two Ferrania films that bring unprecedented detail to fine tissue work such as mam 
mography. Want copies of radiographs that faithfully reproduce every detail of th 
original? It takes as little as two minutes with Ferrania direct reproduction film. And, lastly 
there are two Ferrania films that meet your needs for photofluorography. @ Another fac 
tor to consider: the combination of Ferrania and Cenco. Ferrania has over 35 years c 
experience producing films for medicine, industry, and consumers. Their premium 
quality radiographic materials are now distributed in the U. S. by Cenco X-Ray Company 
a new division of Cenco Instruments Corporation, the United States largest manufac 
turer and marketer of scientific supplies and instruments. Such a combination is you 
assurance of quality and service—and you getthe guarantee of an American Corporatioi 
established in 1889. @ Best way to appreciate Ferrania film: try it, A request to Cenc 
X-Ray bringsa test quantity of film—and full 
information—from yourlocal Ferrania dealer. | e 

If you'd like, we'll send along a copy of [ L | [ | ferrania 
Radiographica, a technical journal of X-ray REM RADIOGRAPHIC MATERIALS 
diagnosis published asa service by Ferrania. 1800 Foster Avenue ๑ Chicago, Illinois 6064 
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| T H A N EYE TO THE FUTURE 


ATOMIC ENERGY OF CANADA LIMITED 





Commercial Products « P.O. Box 93 » Ottawa « Canada 


SALES AND SERVICE REPRESENTATION IN OVER ONE HUNDRED COUNTRIES. 64-1M 
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0 minutes 
dry to dry--— 


NO DAILY CLEANING 
(total wetting precludes = 
“crossover crusting”) 


115 FILMS PER HOUR 


(average assortment) 


| . PUMPLESS 
HANDLES INCOMING REPLENISHMENT 


WATER UP TO 80° ( positive-metered 


without need for cooler :- Venturi flaw) 


l WORKS | INTERCHANGEABLE ` 
takes very little floor space... IN BRIGHT LIGHT RACK UNITS __ 
36” x 30” in the lightroom side (nesdi dark อ ก ไป [๑ อ งบ Ged tele 
19" above-floor extension into | de SIR 
darkroom for thru-the-wall Autoloader during loading) |. waist-high cabinet) - 
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PIXAMATIC is chockfull of new ideas in film processing equipment: 


lot บ ก ค ก แ แ ห Pickor ranracantative fill wait in an tha fill ct ori ar writa 


New one-factor selection 
frees technician to 
concentrate on patient 


kV is the only factor your technician is 


required to select. Once that is done, she 
presses the exposure button and the auto- 
matic system does the rest. 

Proper density is guaranteed by the 
Amplimat, the automatic ionization-type 
exposure control which measures the aver- 


dmm NUR 3 ไ ไ 1 ง 90 e : at PF 


several selectable areas. To ensure positive 
positioning, the lightbeam indicator projects 
the location of the measuring areas on the 
patient. Just as in the case of the modem 
camera, automatic exposure with Amplimat 
pays off in consistent production of opti- 
mum radiographs. 
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MU Norelco offers this system, 
. which provides flawless 
radiographs automatically 
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automatic line correction and by the essen- 
tially constant voltage output characteristic 
of a 3-phase generator. 

Sharpness is increased by the ‘continu- 
ously falling tube-load principle’, which per- 
mits shortest possible exposure time with 


maximum available tube loading. Optimum 
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MANUFACTURED FOR NORELCO BY PHILIPS MULLER พ 


of the high load characteristic and small 
focal spot sizes of the Super Rotalix tube. 

Our systems engineers are available, at 
your convenience, to discuss this system. 

North American Philips Company, Inc., 
Medical Division, 100 East 42nd Street, 
New York, New York 10017. In the Chicago 
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Catheterization Equipment 


X-RAY OPAQUE CATHETERS, 
GUIDEWIRES AND ACCESSORIES 





Special Instrument sets for catheterization of 
spleen and liver, urethro-cystography 

and fistulography, sialography, cerebral 
angiography and direct injection of contrast 


medium into the left ventricle etc., etc. 


ก t / SCHICK X-RAY 
ompany, inc. 


local dealer 
444 NORTH LAKESHORE DRIVE — CHICAGO 11, ILLINOIS 
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THE NEW, IMPROVED BARNES-HIND PVEUMOCOLON" 


One simpie procedure lor complete barium-air contrast studies... 
minimizing the possibility of contamination. 

Controlled barium flow is maintained through Pneumocolon's 
positive pressure. 

Leakproof stability is assured by new cap and gasket assembly. 
Unbreakable flask is made of virtually indestructible linear polyethylene. 
Increased capacity, sufficent to complete any examination, is insured 
by Pneumocolon's new large (2.000 cc.) flask. 

Light, easy to handle. Compact design results in a Pneumocolon that 
measures only 8'/s" from the base of the flask to the top of the triangle. 






BARNES-HIND BARIUM PRODUCTS 
DIVISION OF BARNES-HIND PHARMACEUTICALS, INC, 
Sunnyvale, California 








For absolutely 
unsurpassed 
sharpness nf 
radiopaque 
delineation, 
either in air con- 
trast or in other 
techniques, use 
BAROTRAST*? 
it is a specially 


processed Barium 


Sulfate which 
mixes to a 
virtually perma- 
nent suspension, 
Environmental 
changes during 
use do not result 
in precipitation, 


peeling, cracking, 


or clumping 
of the barium. 


its flow is steady 


consistent, and 





columnar. its cov- 
erage is complete. 
Its coating is thin, 
elastic, tenacious. 


An ideal aid 
to precise 
examination. 
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Hunt know-how gets to the heart of processing problems 


Demands of modern x-ray and cine roentgenographic processing require dependable 
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and knowledgeable specialists. Rely on Hunt for a technically oriented sales force, 


* * 


the Hunt Technical Services Laboratory and roller proce 
' Developer- 





Service 





sacked up by 
engineers, This depth of service plus the inherent quality of Graph-O-1 


teplenisher and Graph-O-Mat* Fixer are the reasons why more and more x-ray 
departments are switching to Hunt. 
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PHILIP A. HUNT CHEMICAL CORPORATION 
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...Certainly not owners of 
Fluoricon Image Intensifiers 
their cine camera is easy to reach 


You enjoy a "ground floor" advantage when loading the 
G-E Fluoricon svnchronous camera. There's no need to 
climb a step ladder, balance on a stool or stand on the 

x-ray table. Fluoricon’s special side-mounted came 


eliminates this often ignored problem. 
The exceptional Fluoricon camera is a creation of 
General Electric camera specialists with vears of experi- 
ence producing precision film systems for the Air Force. 
Instead of adapting an existing 16-mm camera they de- 
veloped this advanced system exclusively for x-ray record- 
ing. Result? Automatic camera rotation for upright cine- 
film images... daylight loading .. . rotatable camera 
mounting for loading from front of table... compact profile 
OO. true synchronization. 
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These and other original features are typical of hidden 
'alues found in the G-E Fluoricon. They 
tion your x-ray dollar can know! 


Progress [s Our Most Important Product 
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OW! 


SUCCESSOR TO THE 
HUGH H. YOUNG TABLE... 





HYDRADJUST 


UROLOGICAL X-RAY TABLE 


In addition to the basic features of its predecessor—-the proven, dependable 
Hugh H. Young Table—the new HYDRADJUST Urological X-Ray Table offers 
many new features and conveniences designed to meet the requirements of 
today's urological and radiological procedures. Among the important new 
features— 


€ Built to accommodate Image Intensification units. 

€ Greater elevation range—from low of 29” to high of 57”. 

€ Greater tilt range—from 15? Trendelenburg to 88? upright. 
€ Disposable sterile drain bag for splash protection. 


€ "Fioating" table top with both longitudinal and transverse movement 
for easier patient positioning. 


€ Mobile foot and hand controls for greater operational convenience. 
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AT THE RADIOLOGICAL AND ROENTGEN RAY CONVENTIONS AND AT THE NATIONAL AND SECTIONAL UROLOGICAL CONVENTIONS 


LIEBEL-FLARSHEIM COMPANY CINCINNATI, OHIO 45215 


DIVISION OF RITTER COMPANY INC. 


*Trademark, Liebel-Flarsheim Division of Ritter Company ing, 
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Unsurpassed 
Tolerance 


HYPAQU E. SODIUM 
DIATRIZOATE SODIUM 
20%, bottles of 100 mi. 


50%, ampuls of 30 ml: 
vials of 20 and 30 ml. 


HYPAQUE-M 


SODIUM AND METHYL- 
GLUCAMINE DIATRIZOATES 
75%, vials of 20 and 50 ml. 

90%, vials of 20 and 50 mi. 


ORAL ] 

HYPAQUE «cou 
DIATRIZOATE SODIUM 
Powder, cans of 250 Gm. | 
Liquid, bottles of 120 mi. (50 Gm.) 


Winthrop Laboratories, New York, N. Y. (W LLL | 
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C ontincntal V E R T 





for Versatile Radiographic Views 


A radiographic unit plus—with remarkable speed and ease of use! A fully counter- 
balanced, bucky-tube positioning structure with INDEPENDENT ADJUSTMENT of: 


Focal-film distance * Tube angulation * Bucky angulation 


Overall combined angulation * Height 


Conveniently handles a wide variety of conventional techniques plus many special tech- 
niques such as: Direct image magnification * Stretcher bucky radiography * Skull and 


sinuses. 
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CONTINENTAL X-RAY CORPORATION 


1536 NORTH CLYBOURN AVENUE, 


CHICAGO, 


ILLINOIS 60610 
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1 m Ru 


^ AUTO.CONTROL: 





PROGRAM 





CYCLE | 











ne ARAB mama ie 


automatically — in a fraction of the time 
required by a scanning spectrometer 


with the 


GAMMASCOPE*? 


PULSE HEIGHT ANALYZER 
$5990 


including digital printer 





The Gammascope provides extremely 
fast and accurate analysis of whole 
body counts, thyroid uptake studies 
and virtually all other medical and 
biological applications of nuclear 
radiation. Yet the price of the Gamma- 
scope, including a digital printer, is 
comparable to that of most single- 
channel scanning spectrometers. 


After initial set-up and calibration the 
Gammascope will automatically ac- 
cumulate 100 channels of data — no 
manual or electrical scanners are 
needed. The entire analysis operation 
takes a small fraction of the time that 
would be required by a single-channel 
Spectrometer, 


The build-up of a radiation energy 
Spectrum in the magnetic core memory 
may be observed on the built-in cath- 
ode ray tube display. After accumula- 
tion is complete, stored data is read 
out in digital form — far more accu- 
rately than an analog plot made with a 
strip chart recorder, 


The Gammascope combines both 
single and multi-channel capabilities, 
A variable "window" (restricted energy 
range) permits selection of any area of 
the spectrum, for intensification and 
study. The primary energy peak can be 
isolated for count summation by an 
auxiliary scaler, 


All the circuits including high voltage 
supply, linear amplifier, preset live 
timer, live time meter, add/subtract 
logic and static or dynamic display are 
built into the single, highly portable 
unit. This essentially replaces an entire 
rack of equipment that would make up 
a complete single-channel scanning 
spectrometer. 


Complete operating data and applica- 
tions information are available from 
local TMC offices or from Technical 
Measurement Corporation, 441 Wash- 
ington Avenue, North Haven, Connecti- 
cut. 203 239-2501. 
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TECHNICAL MEASUREMENT CORPORATION 
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FOR MAMMOGRAPHY AND 
CONVENTIONAL RADIOGRAPHY 


Machlett’s new Dynamax “HD 40” 
wide range x-ray tube...24 to 125 PKV | 


The Dynamax “HD 40” insert is a versatile tube capable of a broad range of radio- 
graphic use including mammography technics as well as conventional diagnostic 
procedures. 

The Dynamax ‘“‘HD40’’ can be used in existing shockproof units. Installed in Dynamax 
“HD 25," "25," "HD 30," "30," "40," or “50” shockproof housings, the new insert 
gives present Dynamax units extended capability for mammography; it also provides 
increased thermal storage (to the Dynamax "50" level) for conventional technics. 
The Dynamax “HD 40” allows an extended range of radiographic factors for 
Mammography. 


EXAMPLE 1. EXAMPLE 2. 

Full Wave rectified, single phase Full Wave rectified, single phase 

Focal spot size: 2.0mm Focal spot size: 1.0mm 

PKV: 24 to 35 PKV: 24 to 35 

MAS: 1800 (6 sec x 300MA) MAS: 300 (3 sec x 100MA) 
High thermal characteristics at 125 PKV. Anode Heat Storage Capacity: 140,000 heat 
units. Anode Cooling Rate: 40,000 heat units. Write Machlett Laboratories or 


your X-Ray Dealer for details on The Dynamax “HD 40"—the versatile Dynamax insert. 


THE MACHLETT LABORATORIES,INC. 


SPRINGDALE. CONNECTICUT 
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RADIOLOGY OF 





PULMONARY CIRCULATION* 


CHAMBERLAIN LEC CTURE. = -1963 
By R. E. STE INER, M. D., M. R.C.P., KER, 


zb ONDON, 


OR this IF. Edward Chamberlain Lec- 
ture I have chosen the topic of Radiology 
of Pulmonary Circulation, one of my main 
interests for many years. This particular sub- 


jeck clearly demonstrates how correlation of 


radiological, clinical, physiological and path- 
ological data has led to considerable advance 
in the understanding of the pulmonary circu- 
lation. 

Dr. Chamberlain has always stressed the 
importance of physiological thinking in ra- 
diological interpretation and it therefore is a 
great pleasure for me to try and explain how 
radiology has influenced and advanced our 
thoughts and understanding of some of the 
problems of pulmonary circulation and 
of pulmonary physiology. 





È € THIS discussion I will deal primarily 
with the problems of pulmonary hyper- 
tension. 


CLINICAL BACKGROUND AND 
CLASSIFICATIONS 
There are three main basic tvpes of 
pulmonary hypertension :??. 40 
(A) Passive pulmonary hypertension, when 
the pulmonary venous pressure is elevated. 


ENGL AND 


(B) Hyperdynamic or hyperkinetic pul- 
monary hypertension due to increased pul- 
monary blood flow. This type one usually 
associates with a shunt across the cardiac 
septum or a shunt from the aorta to the 
pulmonary artery. 

(C) Fasoconstrictive pulmonary hy perten- 
sion, where there is a diminution in size and 
sometimes also in number of the pulmonary 
vascular pathways. This last type is sub- 
divided into (a) vasoconstrictive and (b) 
obliterative (Fig. 1). 

Vasoconstrictive and obliterative pul- 
monary hypertension are due to lesions 
occurring on the arterial side of the pul- 
monary circulation, and for this reason the 
terms precapillary or arterial pulmonary 
hypertension are used. In hvperdynamic 
pulmonary hypertension, too, where there 
is a left to right shunt, the strain lies on the 
right side of the heart and pulmonary arter- 
ies, and this tvpe, therefore, will also give 
rise to pulmonary y arterial hypertension. Bv 
contrast, passive pulmonary hypertension 
affects primarily the venous side of the 
pulmonary circulation and the lesions are 
either in the pulmonary veins or on the left 


* Presented at Temple University School of Medicine and Hospital, Philadelphia, Pennsylvania, February 11, 1963. 
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side of the heart. This gives rise to Bold 
ary venous or postcapillary hypertension. 

(A) The important causes of passive 
pulmonary venous hypertension are: (1) 


left atrial obstruction due to mitral valve - 


disease, left atrial tumor or a large ball 
valve thrombus; (2) left ventricular failure 
irrespective of the cause; (3) rarely, pul- 
monary capillary and pulmonary /¥éhous 
disease; and (4) occasionally, consttictive 
pericarditis. 

(B) The main causes of “0 
pulmonary hypertension are: (1) congenital 
anomalies of the heart with a left to right 
shunt'as for example atrial septal defects, 
ventricular septal defects, and patent duc- 
tus arteriosus or other types of aortopul- 
monary communications; and (2) diseases 
where there is an increased pulmonary 
blood flow associated with a hyperdynamic 
circulation as for example thyrotoxicosis, 
severe anemia, beriberi heart disease and 
very rarely extensive Paget's disease. 

(C) The most important causes of vaso- 
constrictive pulmonary hypertension are 
(a) in the vasoconstrictive group: (1) 
hypoxia; (2) response to certain drugs, as 
for example acetylene choline; and (3) 
secondary to an increased pulmonary blood 
flow, particularly in congenital heart dis- 
ease with a left to right shunt; and (b) in 


- R. E. Steiner S di FEBRUARY, 1964 


the obliterative group: (1) thromboembol- 
ism; (2) tumor embolism; (3) bilharzia; (4) 
various types of arteritis, as for example 
polyarteritis or disseminated lupus erythe- 
matosus; (5) various causes of diffuse and : 
extensive pulmonary fibrosis; (6) congenital 
heàrf disease with reversal of shunt from 
right! to left, the so-called “Eisenmenger’s 
reáction;' and (7) idiopathic primary 
pulmonary hypertension (very rare). 


ROENTGENOLOGIC FINDINGS AND COR- 
^ RELATION WITH PATHOLOGIC 
PHYSIOLOGY 


The most important feature on plain 
chest roentgenograms in the hyperkinetic - 
group is dilatation of the main pulmonary 
arteries and their smaller branches well out 
into the smaller peripheral divisions, thus 
providing an over-all picture of pulmonary 
hyperemia, which is more or less uniform 
throughout the lung fields. The degree of 
pulmonary hyperemia largely depends on 
the magnitude of the left to right shunt. 
Once the left to right shunt has been cor- 
rected surgically and the excessive blood 
flow through the lungs has decreased, the 
size of the pulmonary artery and smaller 
branches diminishes and pulmonary hy- 
peremia is no longer demonstrated (Fig. 2, 
4 and B). Together with pulmonary artery 





Fic. 1. Diagrammatic representation of the pulmonary circulation. The various causes of pulmonary arterial 
and pulmonary venous hypertension are listed. (By courtesy of Messrs. Churchill and Co., London.) 
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Fic. 2. C4) July to, 1958: A young child with ventricular septal defect. Preoperative chest roentgenogram 
demonstrates the very large pulmonary artery and distended smaller pulmonary branches right out into the 
peripheral lung fields. (B) August 4, 1965: Same patient 1 year after the ventricular septal defect had been 
closed. Note the diminution in heart size, pulmonary artery and branches with disappearance of the 
pulmonary plethora. 


dilatation there will always be appreciable 
right ventricular enlargement and this too 
regresses once the excessive pulmonary 
blood flow has been stopped. These 
changes, particularly regression in the size 
of the pulmonary vessels together with dim- 
inution in heart size postoperatively, will 
onlv occur after an appreciable lapse of 
time, sometimes only after many months. 

One usually associates the greatest dis- 
tention of the main pulmonary artery and 
branches with atrial and ventricular septal 
defects and to a less extent with a patent 
ductus arteriosus or aortopulmonary win- 
dow. In ventricular septal defects, ductus 
and aortopulmonary communications, in 
addition to the right sided cardiac enlarge- 
ment, there will also be left sided cardiac 
enlargement. 

In a number of patients with a large left 
to right shunt, a reactive vasoconstrictive 
pulmonary arterial hypertension develops. 
There are probably two factors responsible: 
a truly reactive vasoconstriction of the 
smaller peripheral arteries and, secondly, 
obliteration of the vascular bed due to 
gross intimal thickening and arterial nar- 


rowing with thrombosis. On the chest 


may be apparent, particularly if pulmonary 
hypertension is severe and the shunt has 
reversed. This pattern is sometimes 
described as the "Eisenmenger reaction" 
and is seen in patients. with atrial and 
ventricular septal defects and occasionally 
in patients with a persistent ductus arterio- 
sus. On the plain chest roentgenogram there 
is marked enlargement of the heart, par- 
ticularly of the right ventricle; the main 
pulmonary arterv and main branches are 
grossly dilated, chiefly the first and second 
divisions, but there is remarkable vasocon- 
striction with pruning of the small periph- 
eral branches, giving a distinct impression 
of pulmonary ischemia in the peripheral 
lung fields. This discrepancy between dila- 
tation of the main artery and main 
branches and the peripheral ischemia is 
quite characteristic of the Eisenmenger 
reaction in congenital heart disease (Fig. 3, 
A-D). 

1 would now like to discuss the roent- 
genologic findings of pulmonary venous hy- 
pertension in contrast to pulmonary ar- 
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terial hypertension with an increased pul. 
monary blood flow. Pulmonary venous 
hypertension is most common in acquired 
heart disease and the causes for it have al- 
ready been mentioned. Before analyzing the 
roentgenologic features of pulmonary ven- 
ous hypertension I must mention pul. 
monary arterial hypertension developing 
secondary to pulmonary venous hyper- 
tension. An elevated pulmonary venous 
pressure will inevitably lead to an elevation 
of the pulmonary arterial pressure. This 
development of pulmonary arterial hyper- 
tension occurs particularly in patients with 
mitral valve disease and left ventricular 
failure. The first roentgenologic observa- 
tions of pulmonary arterial changes in mi- 
tral valve disease were made by Goodwin, 
Steiner and Lowe! in 1952, and were subse- 
quently confirmed by many other work- 
ers.^** The development of pulmonary 
arterial hypertension in these conditions 1s 
probably secondary to the elevated pul- 
monary venous pressure and can either be 
vasoconstrictive or obliterative." 

If one analyzes the appearance on the 
plain chest roentgenogram, one will note 
that with increasing pulmonary artery 
pressure there is concomitant dilatation of 
the main pulmonary arteries and main first 
and second division branches,**> whereas 
the small peripheral arteries appear to be 
narrowed. This arterial narrowing of the 
small branches is regional, affecting the 
lower and mid-zones of the lung more so 
than the upper zones, where the caliber of 
the arteries remains normal.’ It was sug- 
gested by Dovle and his co-workers? that 
narrowing of the pulmonary arteries in the 
lower zones of the lung occurred in re- 
sponse to the elevated pulmonary venous 
pressure, which had been elevated to a 


HE 
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critical level above the plasma osmotic 
pressure by the difference of the hydrosta- 
tic pressure between the bases of the lungs 
and the apices. This differential reaction of 
arterial constriction leads to a selective 
vasoconstriction and deviation of blood 
from the lower zones of the lungs to the 
upper zones. In congenital heart disease 
where the pulmonary venous pressure is 
not significantly elevated, this selective 
vascular response does not occur (Fig. 4). 
These findings and suggested physiological 
explanation have since been corroborated 
by Dollery and West,’ who measured the 
pulmonary blood flow with carbon dioxide 
labelled oxygen 15. These workers were able 
to show that in patients with mitral steno- 
sis the blood flow is reduced in the lower 
zones, but not in the upper zones of the 
lungs, a situation which is exactly the re- 
verse to the normal physiology in man 
where the blood flow to the upper zones is 
smaller than to the lower zones.* 

On the plain chest roentgenogram, this 
differential effect of vasoconstriction of the 
small pulmonary arteries may be difficult to 
interpret since the small arterial branches, 
particularlv in the lower zones, are hard to 
differentiate from other vascular struc- 
tures; but bv using contrast studies, par- 
ticularly selective pulmonary arteriogra- 
phy, this differential effect of vascular re- 
sponse can be clearly demonstrated (Fig. 
z). Selective angiography can be of great 
help in assessing the more detailed anatom- 
ical variations, as these studies give satis- 
factory information about the very small 
arterial and venous branches??? (Fig. 6, 4 
and B). The combination of selective injec- 
tions with cineangiography may provide 
valuable information in assessing circula- 
tion time in segmental areas of the lung and 


peripheral lung fields. (B) Pulmonary arteriogram of the right pulmonary artery demonstrates the dis- 
crepancy between the size of the main artery and small branches, with inadequate filling of the very small 
peripheral branches. (C) Postmortem injection specimen of the left pulmonary arteries of a patient with 
atrial septal defect who died with severe pulmonary hypertension. There is gross dilatation of the main 
pulmonary artery and main branches. Some of these branches are tortuous, but there is a very distinct 
lack of background filling of the very small peripheral branches. Compare this appearance with D, which 
is a normal pulmonary arteriogram of the left lung injected in the same way as C. 
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MITRAL STENOS/S CONGENITAL HEART 
DISEASE 
P.V. = 25-8mmHg. P. V. = 10-8mmHg. 
PN PN, PN Av 
L. A. L. A. 
25 mmHg. l0 mmHg. 
PVN pv. PVP NPV. 
P V.= 25-F8mmHg. (Hydrostatic P.V. = 10+8 mmHg {Hydrostatic 
increment.) | increment.) 
Fic. 4. Diagrammatic representation of the hemodynamic state of (deft) patient with mitral stenosis and a 


high pulmonary venous pressure and (right) patient with congenital hea-t disease and a normal venous pres- 
sure. In mitral stenosis the pulmonary venous pressure is elevated. In the erect position the hydrostatic in- 
crement between the base and apex of the lung when added to the already elevated pulmonary venous 
pressure raises the level to a critical point which will result in inevitable pulmonary edema. This elevation 
of the pulmonary venous pressure to such critical levels is probably responsible for the reflex vasoconstric- 
tion in the lower and mid-zones of the lungs, which leads co deviation of blood flow to the upper zones. In 
congenital heart disease, this mechanism is not invokec since the pulmonary venous pressure is at normal 
levels. (By courtesy of the British Journal of Radiology.) 


thus demonstrate abnormalities of func- 
tion. Additional confirmation for this con- 
cept was produced by Doyle and co-work- 
ers? and Harrison,” using pathological ma- 
terial for their investigation. Post mortem 
pulmonary artery injections with contrast 
medium demonstrated the differential re- 
sponse in the lower and upper zone periph- 
eral arteries very clearly. On histological 
examination, too, a distinct muscular hy- 
pertrophy of tne lower zone arteries was 
seen, whereas the upper zone arteries ap- 
peared normal. The small pulmonary veins 
were affected in the selective way in a 
similar fashion. In addition to these muscu- 
lar changes, the large elastic pulmonary 
Fic. §. A left pulmonary arteriogram of a patient 
with mitral heart disease and severe pulmonary 
hypertension. Note the dilatation of the left main 
pulmonary artery, the satisfactory normal filling 
of the smaller branches in the upper zones, but 
the very narrow constricted lower lobe arteries 
with inadequate filling of the small segmental 
branches. 
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hic. 6. (.4) Selective pulmonary arteriogram of right lower lobe of a patient with mitral heart disease with 
a normal pulmoaary artery pressure. Note good filling of the small peripheral branches. (B) Another 


patient with mitzal heart disease and severe pulmonary hypertension, Note the inadequate filling of the 
smaller segmentzl branches. 


arteries occasionally showed evidence of 
severe atheroma and thromboembolic oc- 
clusion, particularly in the lower zones of 
the lungs. 

I will now turn to a discussion of the 
venous component of pulmonary hvper- 
tension and the roentgenological interpreta- 
tion. The roentgenographic appearance is 
best considered under two headings: (1) 
hndings which are due to changes in the 
pulmonary veins and (2) those affecting the 
pulmonary parenchyma. 

It has been shown by Doyle and co- 
workers? and 5.mon? that, in patients with 
mitral valve disease and an elevated pul. 
monary venous pressure, the upper lobe 
veins on plain chest roentgenograms, angio- 
graphic studies or laminagrams are either 
of normal caliber or dilated, particularly if 
the venous pressure is high, whereas the 
lower lobe veirs are often narrowed. It ap- 
pears that these selective changes in caliber 
of the veins occur when the pulmonarv 
venous pressure has reached a level of ap- 
proximately 25 to 30 mm. of mercury, 


whereas at a lower pressure these changes 
are unnoticeable.% 

That the pulmonary veins in left ven- 
tricular failure behave in the same wav as 
in mitral heart disease was shown by La- 
vender and co-workers. Laminagraphy 
can be ot considerable help in detecting 
these vascular changes so that pulmonary 
angiography is not always necessary. 

The second feature which must be con- 
sidered are the parenchymal changes due to 
pulmonary edema. These can be either 
intra-alveolar or interstitial. Acute intra- 
alveolar edema is characterised by con- 
Huent shadows in the lung fields, usually in 
the central areas, the so-called “butterfly 
shadows” or “batswing shadows." *?! These 
confluent shadows occur commonly bi- 
latera ly (Fig. 7) but they can be unilateral. 
Thev are not always confined to the bases 
or certral areas of the lungs but can also 
affect the apices and posterior segments of 
the lungs. The mechanism for the distribu- 
tion of the edema fluid is bv no means cer- 
tain, but deviation of blood from the lower 





Ia ^ 
temic hypertension and acute left ventricular fail- 
ure. There is evidence of widespread intra-alveolar 
pulmonary edema in both lungs (batswing shad- 


Chest roentgenogram of a patient with sys- 


zones to the upper and mid-zones in pa- 
tients with mitral heart disease and pul- 
monary arterial hypertension and in pa- 
tients with left ventricular failure may be a 
contributing factor. Posture, too, may play 
a part when these patients suddenly de- 
velop left sided heart failure and thus 
edema fluid accumulates in the most de- 
pendent parts of the lungs? 

Interstitial pulmonary edema, often 
chronic, is much more common than intra- 
alveolar edema and occurs frequently in 
severe mitral stenosis and left sided heart 
failure, irrespective of the cause. The ap- 
pearance of horizontal septal lines in the 
lungs is the characteristic roentgenologic 
finding. These septal lines are usually visi- 
ble at the edges "i the lungs in the lower 
and mid-zones (Fig. 8). Septal lines were 
hrst described pes Kerley” and subse- 
quently identified as due to a combination 
of shadows of distended interlobular pul- 
monary septa and dilated pulmonary lym- 
phatics, 215.1293 Tr has been shown that 
septal lines occur if the pulmonary capil- 
larv venous pressure is elevated above a 
level of about 25 mm. of mercury. *:!??* The 
appearance of septal lines may precede the 
clinical signs B pulmonary edema and thus 
provide the first indication of incipient left 
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heart failure. With clinical improvement in 
the patient's condition and a decrease of 
the pulmonary venous pressure, septal lines 

can disappear very rapidly (Fig. 9, 4 and 
B). 

Blurring of the pulmonary markings and 

lung fields, particularly at the bases and 
extending towards the root shadow of the 
lungs and also into the mid-zones, is due 
to an accumulation of edema fluid (Fig. 
A and B). It is this feature which makes 
interpretation of the pulmonary vascular 
pattern rather difficult, causing poor d 
tion of the finer outlines of pulmonary ar- 
teries and veins. The clouding of the lung 
fields is entirely due to the accumulation of 
edema fluid in the interlobular septa, leav- 
ing the alveolar spaces clear. 

As in the vascular studies of the lungs, 
correlation of the roentgenologic appear- 
ance with pathologic findings is very satis- 
factory (Fig. 11) and some of these points 
have been well described by many work- 
ers, ?*9 The pathological physiology of the 
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Fic. 8. Localized view of the right lower lobe of a 
patient with mitral heart disease and severe pul- 
monary hypertension. There is evidence of marked 
interstitial pulmonary edema with septal lines in 
the peripheral lung fields. 
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Localized view of the right lower lobe of a patient with left ventricular failure due to aortic 
ase. There is marked interstitial edema demonstrated by septal lines. (B) Same patient a day 
septal lines have virtually disappeared. 











pulmonary lymphatic flow in relationship mental studies of dogs, it has been shown 
to intra-alveolar and interstitial pulmonary by Rabin and Meyer” that lymph flow is 


edema is not too well known. In experi- not significantly increased in acute pul. 





E 








Fic. 10. (2) Chest roentgenogram of a patient with aortic valve disease and left ventricular failure. Note the 
severe interstitial pulmonary edema in the lower zones and the inadequate definition of pulmonary vascular 


markings due to this edema. (B) Same patient 2 days later after satisfactory treatment. The edema has 
completely cleared. 





Fic. 11. Postmortem specimen of part of a lung of a 
patient who died with tight mitral stenosis and 


severe interstitial pulmonary edema. The sur- 
face lymphatics of the lung have been injected 
with contrast medium. Note the very distended 
surface lymphatics and the main draining lym- 
phatics running peribronchially towards the root 
shadow. 
monary edema with a left atrial pressure 
below 25 mm. of mercury systolic. When 
the left atrial pressure is elevated above 
this level, an appreciable change in the 
amount of lymph flow appears. This sug- 
gests that a functional relationship be- 
tween interstitial pulmonary edema, eleva- 


tion of the left atrial pressure, and thus of 


the pulmonary venous pressure exists. 
Some further anatomic studies of the pul- 
monary lymphatics, of their appearance 
and distribution in the human lungs, have 
recently been provided by Trapnell.** 
Another important but rare cause of pul- 
monary venous hypertension is veno-occlu- 
sive disease. In some case reports which 
have been published, there was an associa- 
tion of pulmonary hvpertension with vari- 
ous congenital abnormalities of the pul- 
monary veins, particularly of their inser- 


tions. The roentgenologic findings of 


the lungs in pulmonary veno-occlusive dis- 
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ease are similar to those described above. 

There is vet another cause for pulmonary 
venous hypertension which is of consider- 
able roentgenologic and clinical interest. In 
some patients with mitral valve disease or 
left atrial myxoma, a persistent basal etfu- 
sion 1s sometimes noted and this may be 
due to venous thrombosis or venous occlu- 
sion by tumor?! (Fig. 12, 4 and 5). 

The recognition of roentgenologic signs 
of pulmonarv venous hypertension is of 
great importance clinically, particularly in 
the diagnosis of patients with unexplained 
and unusual cardiac murmurs. These roent- 
genologic findings may point in the first 
instance to a diagnosis of an atrial tumor or 
veno-occlusive disease and are therefore the 
first pointers to a correct diagnosis. 

The next problem to be discussed is the 
roentgenologic appearance of the lungs due 
to chronic pulmonary heart disease or "cor 
pulmonale.” The most common condition 
in this group is chronic bronchitis, where 
the pulmonary vascular changes associated 
arterial hypertension are 
partly due to vasoconstriction mediated by 
hypoxia and partly due to some destruction 
of the lung parenchyma and therefore ob- 
iterative, probably mechanical vascular 

obliteration. It is not yet fully established 
which factors are mainly responsible for 
pulmonary hypertension in chronic bron- 
chitis, but there is little doubt that hypoxia 
is pr obably the most important. 

During the acute exacerbation of chronic 
bronchitis, considerable right sided cardiac 
enlargement will be seen on a plain chest 
roentgenogram. There will also be marked 
dilatation of the main pulmonary artery 
and main branches. This vascular dilatation 
may beso marked that the appearance mav 
simulate a septal defect with an increased 
pulmonary blood flow. A further factor, 
which probably plays a part to explain the 
pulmonary hyperemia is the development 
of a secondary polycythemia, which by it- 
self will lead to over-distention and over- 
filling of the smaller pulmonary vascular 
branches.? During the recovery phase, pul- 
monary vascular distention disappears 
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Fic, 12. (A Right ventricular angiogram, pulmonary venous phase, of a patient with mitral heart disease and 
a persistent right pleural effusion. This demonstrates nonfilling of the right lower lobe and middle lobe 


veins. On the left side all pulmonary veins are demonstrated. The dilated atrium is free of thrombus. At 
mitral valvotomy the surgeon noticed blood clot at the origin of the right lower and middle lobe veins when 
he explored the atrium with his finger. (B) Anteroposterior angiocardiogram of a patient with a left atrial 
myxoma. The tumor is clearly demonstrated in the left atrium. Note good filling of the right upper and 
middle lobe veins. The right lower lobe veins have not filled. Contrast material is retained in the right 
lower lobe pulmonary artery and some of its branches, and the peripheral branches are tortuous and dis- 
tended. On the left side both the upper and lower lobe veins are outlined and there is some contrast reten- 
tion in the lower lobe arteries. At operation, it was noted that the myxoma had obstructed the right lower 


lobe veins. 


rapidly and there is a marked diminution in 
size of the right ventricle and also decrease 
in size of the main pulmonary artery and 
branches. Persistence of cardiac enlarge- 
ment with dilatation of the pulmonary 
arteries is an ominous sign, indicating se- 
vere irreversible right ventricular failure. 

Some of the parenchymal diseases of the 
lungs associated with extensive fibrosis and 
advanced structural destruction of lung 
— as for example progressive fibro- 

aseous chronic pulmonary tuberculosis, 
pneumoconiosis, scleroderma, 
postirradiation pulmonary fibrosis or lym- 
phangitis carcinomatosa, may all lead to 
the development of cor Dulmonales due to 
obliteration of the capillary network and 
also due to hypoxia. The appearance of the 
heart shadow and of the main pulmonary 
vascular pattern in these various disorders 
can be similar to that seen in chronic 
bronchitis, but in most instances will inevi- 
tably be overshadowed by the underlying 
lung disease. 

Pulmonary arterial hvpertension due to 


arterial obliteration is usually due to 
thromboembolic pulmonary vascular dis- 
ease.” This disorder is of considerable 
roentgenologic importance since the diag- 
nosis can sometimes be suspected from the 
plain chest roentgenogram before there is 
clinical evidence of such a diagnosis. 

The roentgenologic appearance of throm- 
boembolic pulmonary hypertension is best 
divided into two distinctive groups: 

(1) Diffuse obliteration of the very small 
pulmonary arteries. In this group a marked 
discrepancy between the size of the main 
pulmonary artery and main branches, 
which may be considerably dilated, and 
narrowing of the very small peripheral 
brancnes, suggesting peripher al ischemia, 

an be seen.¢ 

(2) There may be obstruction of the 
major arteries, or even thrombosis of the 


right or left main pulmonary artery. In this 
group a much more patchy ischemia in the 


peripheral lung fields associated with 
marked distention of the main arteries 
proximal to the obstruction will be notice- 
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Fic. 13. (A) Chest roentgenogram of a patient with 
severe pulmonary hypertension, probably due to 
thromboembolic disease. The source of the emboli 
was not certain, The roentgenogram shows con- 
siderable cardiac enlargement and dilatation of the 
main pulmonary artery and main branches. (4) 
Pulmonary arteriogram of the left lung confirms 
the gross dilatation of the pulmonary artery and 
main branches, also some tortuosity of the lower 
lobe arteries, but a very marked absence of filling 
of the small segmental branches in the peripheral 
lung field. (C) Postmortem pulmonary artery in- 


jection of a left lung of a patient who died with 
thromboembolic pulmonary hypertension, Emboli 
came from pelvic veins. Note the very inadequate 
filling of the small segmental peripheral pulmonary 
artery branches compared with the normal lung 
(see Figure 3D). 


able.® In a number of instances, however, teries due to small thrombi or emboli (Fig. 


the appearance on the plain chest roent- 13, 4, B and C) or there may be quite obvi- 
genogram can be very disappointing and ous main arterv obstruction due to massive 


occasionally even misleading. A detailed | thrombosis? (Fig. 14, 4 and B). The source 
evaluation of the type of underlying pul- of emboli can be very varied; in some pa- 


P. 


monarv arterial obstruction is best ob- tients there is evidence of thrombophlebitis 


tained by pulmonary arteriography. This of the leg veins. Emboli may arise from 
investigation will either demonstrate a very thrombosis in pelvic or lumbar veins, but 


extensive peripheral obstruction with prun- occasionally there is no apparent cause 
ing and obliteration of the very small ar- found even at postmortem examination. 
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Fic. 14. (4) Chest roentgenogram of a patient with severe pulmonary hypertension following pregnancy. 
Note the dilatation of the main pulmonary artery and also of some of the right main branches and the 
relative ischemic areas in the left upper lobe. (B) Pulmonary arteriogram of the same patient. This dem- 
onstrates a patent right upper lobe artery. It appears that the greater part of the cardiac output flows 
through the right upper lobe. The right middle and lower lobe arteries do not fill and appear to be com- 


pletely obstrücred and so does the left Jower lobe artery 


. There is only a minimal flow of contrast material 


ก อ some of the left upper lobe arteries. Note them Arked discrepancy between the appearance on plain 
roentgenograms and the angiocardiogram findings. Some of the vascular markings in the lower zones par- 


ticularly are probably due to bronchial arteries. 


Packed pulmonary emboli due to malig- 
nant disease, particularly trophoblastic 
tumors must be mentioned as yet another 
important source.! The disorder of throm- 


boembolic pulmonary hypertension is of 


great interest in young patients, particu- 
larly in young females after parturition 
when repeated showers of pulmonary em- 
boli probably arising from pelvic veins can 
obliterate the pulmonary vascular bed. 

Frank pulmonary infarction is not a com- 
mon feature of thromboembolic pulmonary 
hypertension? nor are there parenchymal 
shadows present in the lungs due to vaso- 
occlusion (Fig. 16, Æ, B and C). This is in 
contrast to vascular occlusion associated 
with various tvpes of arteritis when pul- 
monary parenchvmal shadows due to exu- 
date or hemorrhage are quite frequent. As a 
sequel to extensive and progressive arterial 
occlusion, a bronchial artery pattern may 
become obvious on the plain chest roent- 
genogram.® In some cases of main artery 
thrombosis, vascular calcifications have 
been noted. 

Since an obvious source of pulmonary 


embolism is sometimes not evident, the 
differentiation between packed pulmonary 
embolism and primary pulmonary hyper- 
tension, a very rare disease indeed, may be 
difficult. It appears on histological grounds 
that the majority of cases which were 
labelled primary pulmonary hypertension, 
in fact, fall into the group of cases of packed 
pulmonary embolism or pulmonary artery 
thrombosis, ™* The term "primary pul. 
monary hypertension" must therefore be 
reserved for the small gr oup of patients who 
show the persistence of the fetal type of pul. 
monary vasculature often associated with 
septal defects. In these cases there is 
marked intimal thickening and muscular 
hypertrophy of the muscular pulmonary 
arteries from birth, resulting in partial 
obliteration and obstruction to blood flow 
with a high vascular resistance. The roent- 
genologic appearance of the lungs in this 
group of patients is very similar to that 
seen in patients with packed pulmonary 
embolism. There is evidence of right sided 
cardiac enlargement, dilatation of the main 
pulmonary artery and main branches witha 
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marked ischemia in the peripheral lung 
fields, and in most instances there may be 
evidence of an underlying congenital heart 
lesion, such as an atrial or ventricular sep- 
tal defect.’ 


SUMMARY 


I hope I have succeeded in demonstrating 
and explaining some of the roentgenological 
contributions to the study and understand- 
ing of pulmonary circulation. 

These contributions should only be 
looked upon as a beginning and a stimulus 
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grams of a female patient with a history of 
thrombophlebitis of the legs (June 7, 1960; 
October 9, 1961; and April 13, 1962, respec- 
tively). She developed severe pulmonary 
hypertension over a year's period and chest 
roentgenograms demonstrate the progres- 
sive pulmonary arterial distention and car- 
diac enlargement. Although widespread pul- 
monary artery thrombosis of most major 
and nearly all smaller pulmonary arteries 
was found at postmortem examination, 
parenchymal lesions were absent on chest 
roentgenograms, except in C, the final 
roentgenogram taken shortly before death. 
This demonstrates roentgenologic signs com- 
patible with a right lower lobe infarct. At 
postmortem examination there was also 
evidence of widespread collateral bronchial 
circulation. 


for further endeavors to achieve even 
greater advances in the application of 
roentgenological methods in functional 
studies of the normal and pathological pul- 
monary circulation. 


Radiodiagnostic Department 
Postgraduate Medical School 
Ducane Road 

London W.12, England 
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UNILATERAL PULMONARY HYPOPLASIA 
IN AN ADULT* 


By LEONID CALENOFF, 


YPOPLASIA of one lung is a congeni- 

tal anomaly in which a more or less 
normally branching main bronchus is ac- 
companied by underdeveloped alveolar tis- 
sue resulting in a small, nonfunctioning and 
fibrotic lung. The subject was exhaustively 
studied by Schneider? in 1913 and by 
Monaldi in 1958. Schneider's classification 
has been widely accepted.!?'*!® The defec- 
tive development of the lung is present at 
birth, 1s usually unilateral and frequently 
Is accompanied by malformations in other 
areas. It may, however, pass unnoticed un- 
til adulthood, is compatible with a full life 
span,? and may be a surprise finding at 
autopsy.? The roentgenographic appear- 
ance and the clinical course make unilateral 
pulmonary hypoplasia of the adult an en- 
tity different from pulmonary agenesis, 
aplasia and hypoplasia in children* 5922.5 
while anatomically there is no clear-cut 
difference. 

Among the numerous cases of aplasia of 
one lung in an adult published in recent 
years, 14 can be considered and classified as 
hypoplasias rather than as complete apla- 
sias. These 14 cases are: 2 of Rubio and 
Piovano,” 1 of Edwards, 7 of Barna and 
Arvay,! 2 of Reventos ef a/?9 and 2 of 
Roche and Chemin.? More could probably 
be added to this number, particularlv 
among the cases reviewed by early writers 
like Mueller? and Schneider,? but this re- 
quires a very critical review of all their 
cases. 

The case reported here is believed to be 
another example of unilateral pulmonary 
hypoplasia in an adult. In addition to the 
underdeveloped pulmonary parenchyma 
there is bronchiectasis. Such a combination 
has been reported only once in recent 
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vears? although in the older literature" 
reference is made to the association of pul- 
monary hypoplasia and pulmonary "cysts," 
the term cyst being interchangeably used 
for pulmonary cyst and cystic bronchiecta- 
sis.!! 


REPORT OF A CASE 


A £2 year old Negro female was admitted to 
the University of Illinois Research and Educa- 
tional Hospitals complaining of hemoptysis of 
approximately 4 months' duration, increasing 
in severity and associated with dull pain over 
the right precordium. She experienced a tight 
feeling of the chest which increased with exer- 
tion. The patient had been asymptomatic her 
entire life and there was no history of cough, 
dyspnea or dysphagia. About 25 years prior to 
the admission she was apparently treated for 
lues. 

The physical findings were confined to the 
chest. The right side of the thorax seemed to be 
slightlv contracted, however, with no significant 
narrowing of the intercostal spaces. There was 
dullness on percussion over the right chest and 
the breath sounds were distant. The heart 
sounds were shifted to the right but there were 
no murmurs. The blood pressure was 110/70 
Laboratory data were within normal limits, 
except for the pulmonary function tests, which 
gave the following results: vital capacity 2.2 
liters or 83 per cent of the normal; 1 second 
vital capacity 1.48 liters or 67 per cent of the 
normal; maximum breathing capacity $7 liters 
per minute, and air velocity index 0.89. Numer- 
ous sputum examinations for acid fast bacilli 
were negative, although one culture vielded 
chromogenic acid fast bacilli. However, the 
guinea pig inoculated with the culture died pre- 
maturely and the diagnosis of tuberculosis 
could neither be established nor ruled out. 

The 0 m were most TE 
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lic. 1. (7) Posteroanterior and (4) lateral roentgenograms of the chest in an adult with unilateral right 
pulmonary hypoplasia. The mediastinal structures are displaced to the right and posteriorly. The left lung 
has herniated across the midline and has created the radiolucent area behind the sternum seen in the 
lateral view. The right lung has the appearance of a collapse but there is very little asymmetry of the 


thoracic cage. 





Pic. 9. 
The right bronchi are crowded together and are 
dilated. The former suggests collapse, the latter 
bronchiectasis. There is alveolar filling on the left 
side but none on the involved side. 


Posteroanterior bronchogram of the chest. 


toward the affected right side. The right hemi- 
diaphragm was elevated and the right costo- 
phrenic sinus was obliterated. The intercostal 
spaces were not significantly narrowed. There 
was a homogeneous density in the right lower 
lung field near the heart and close to the 


mediastinum. In the lateral view (Fig. 1 B) this 
density was seen as a triangular opacity over- 
lying and posterior to the heart. The left lung 
was overaerated and there was herniation of 
the left lung across the mediastinum. The 
findings in. general were not distinguishable 
from a collapsed right lower lobe except that 
the thoracic cage was relatively symmetric. A 
more careful examination of the right lower 
lung field showed multiple cystic structures 
similar to the ones seen in cystic bronchiectasis. 

The bronchogram (Fig. 2) showed a marked 
shift of the trachea and the entire bronchial 
tree. The lett bronchi were essentially normal, 
all branches were visualized and there was 
alveolar filling. Only some of the main branches 
were seen on the right side. They were crowded 
together, markedly dilated and ending with a 
convexity or sac-like structure (Fig. 3). No 
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small branches or alveoli were filled. Judging 
from the bronchogram, it was concluded that 
the right lung was small or collapsed. 

Bronchoscopy revealed a sharp carina with a 
marked shift to the right of the entire bronchial 
tree. The mucosa of the bronchi was normal 
throughout and no gross lesion was noted. It 
was concluded that the hemoptyses were due 
mainly to chronic, long-standing bronchiectasis 
and pneumonectomy was advised. 

At surgerv, the right chest was entered be- 
neath the fifth rib and an entirely obliterated 
right pleural cavity was found. Working ex- 
trapleurally, the surgeon found bulging, func- 
tioning lung tissue, which actually represented 
left lung herniated across from left to right in 
the anterior mediastinum. The right lung was 
shrunken and functionless, although the bron- 
chi entering the lung at the hilus were wide. 


Fic. 3. Spot roentgenogram taken during bronchog- 
raphy. The whole right bronchial tree is fitted in 
one small roentgenogram. Filled are: the three 
upper lobe bronchi, one middle lobe bronchus and 
only two segmental bronchi from the lower lobe. 
The other three are Just faintly visualized at their 
origin. All branches are dilated; the lower termi- 
nate with a sac-like structure, the upper with a 
cystic-like structure. 
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Fic. 4. Photograph of the entire right Jung as re- 
moved at surgery. The actual measurements are 


I1FX11X2 cm. The bronchi (left hand arrows) are 


filled with blood and are embedded in dense 
fibrous tissue containing no air (right hand ar- 


rows). The pleural surfaces are covered with 
shaggy fibrous adhesions. 


The pulmonary artery and veins were small 
and in their proper places. The small, fibrotic 
right lung was removed in its entirety and 
postoperatively the patient did well. 

The removed lung weighed 117 gm. and 
measured 17X11X2 cm. (Fig. 4). The ex- 
ternal surface was dark red and covered with 
dense fibrous adhesive bands. The bronchi were 
large and dilated, the main bronchus measuring 
2X1.5 cm. in diameter and 4.2 cm. in circum- 
ference. The dilatation of the bronchi extended 
to the periphery, where they were saccular and 
filled with dark red blood. All mucosal surfaces 
were grav, smooth and without ulcerations. 
The bronchi were surrounded by dark red, 
firm fibrous tissue, not recognizable as pul- 
monary parenchyma. There was no crepitancy. 
The blood vessels were small and grossly un- 
remarkable. 

Microscopically, the larger bronchi were 
lined with normal respiratory epithelium. The 


cartilaginous rings were well formed and 
showed occasional foci of ossification. The 
smaller bronchi were often distended bv 


mucinous contents, but no terminal or respira- 
tory bronchioles were seen. The bronchi con- 
tained mucous glands in their walls and nu- 
merous muscular bundles, revealing little or no 
chronic inflammation. The surrounding tissue 
was eminently fibrous, with large numbers of 
smooth muscle bundles, occasional mucous 
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glands, and focal areas of slits varving in size, 
and lined by cuboidal epithelium in a single 
layer (Fig. 5). Occasional lymph follicles were 
present, as well as numerous eosinophils. No 
well-formed alveoli were found, the walls be- 
tween the air spaces described above always 
containing generous amounts of fibrous tissue 
(Fig. 6); staining of elastic fibers failed to 
reveal the typical pulmonary pattern. The 
small arteries showed marked intimal prolifera- 
tion with narrowing of the lumen. No anthracot- 
ic pigment was found. The diagnosis was ex- 
tensive fibrosis of hypoplastic lung, probably 
congenital, with bronchiectasis. 


DISCUSSION 


The embryologic development of the 
bronchial tree and lungs is well docu- 
mented in the literature, ?35:5:16.17,33 Dis. 
turbances in the development of the bron- 
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chial tree occur at about the 26th to the 
31st day of fetal age with the embryo meas- 
uring from § to 8 mm. Depending on the 
onset of the disturbance—the nature of 
which is not as vet understood—-the bron- 
chial bud will be absent entirely, rudimen- 
tary or more or less incompletely developed. 
Only with a fairly normal bronchial tree will 
the pulmonary parenchyma develop; other- 
wise, there will be only dense fibrous tissue. 
Monaldi has explained the sequence of 
events and has divided the extent of the 
malformation into four degrees: first degree 
with no bifurcation of the trachea; second 
degree with a rudimentary main bronchus, 
no branching and a blind end; third degree 
with incomplete development after division 
of the main bronchus; and fourth degree 
with incomplete development of subseg- 





Fic. 5. Low-power photomicrograph of the hypoplastic lung. Dilated bronchial spaces (left arrow) lie within 
dense connective tissue rich in smooth muscle fibers (top arrow). Some secretions are present in the 
bronchial spaces but inflammatory changes are absent. Slit-like spaces resemble rudimentary alveoli 
(bottom arrow) but are functionless. 








Fic. 6. High-power photomicrograph of another s 
SNe gra] 


segment of the 
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same lung showing parenchymal clefts lined 


with ciliated columnar epithelium secreting mucin. They are sepotated from each other by fibrous tissue 


containing collagen and smooth muscle fibers. 


mental bronchi and small segments of the 
corresponding lobe. The case presented 
would fit into the third group of this classifi- 
"ation. 

In the original concept of Schneider,” 
pulmonary hyp oplasia is associated with a 
small caliber main bronchus. This does not 
seem to be necessarily so; many reports 
mention bronchi of normal size and even 
with dilatation??? Since bronchiectasis 
and bronchogenic cysts may be associated 
with incomplete deve ‘lopment of the pul- 
monary parenchyma, 5? the caliber of the 
bronchi seems to have little bearing on the 
degree of development of the distal lung as 
long as a minimum diameter is reached. 

In contradistinction to hypoplasia in the 
infant, almost all cases of adult pulmonary 
hypoplasia were diagnosed incidentally. An 
acute pulmonary infection, hemoptysis or 








Thin-walled alve 


[olt are absent, 


clinically manifest tuberculosis 30 clini- 
cal attention to a lung which seems to be 
incompletely developed. At fien a small, 
nonair-containing hae is discovered at 
autopsy unsuspectedlv. 
The clinical diagnosis 1s 
suggested by Rubio and 
metric chest, great lateral displacement of 
the trachea and rotation of M medias- 
tinum toward the affected side. 
Although a long life span is possible with 
a hypoplastic lung, the poorly aerated and 
perhaps poorly nourished lung is susceptible 
to pyogenic infections,! tuberculosis with 
cavitation," and hemoptysis.! 
The treatment is surgical removal o 
involved lung.?9.?1.24 


based on a triad 
Piovano:? sym- 
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ROENTGEN FEATURES 


The roentgen diagnosis of adult pul- 
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monary hypoplasia on the plain chest 
roentgenograms (Fig. 1, 4 and B) is be- 
lieved to be difficult, par ticularly if there 1s 
an association with bronchiectasis; atelec- 
tasis with secondary bronchiectasis would 
give a similar roentgen appearance. An 
opacified tuberculous lung with bronchial 
T can ih m be leen La d io a 
ie 0 inv v ed mu 0 s em 
has cavities, the roentgen diagnosis on 
plain roentgenograms 1s alsmot 1m possi- 
ble.?? Accor ding to Elward,® the features of 
pulmonary hvpoplasia simulate the follow- 
ing conditions: croupous pneumonia of an 
entire lung, unilateral tuberculosis with 
fibrosis and pleural thickening, and uni- 
lateral pleural effusion with a fixed medias- 
tinum. 

'The most striking features on the plain 
chest roentgenograms remain the marked 
shift of the mediastinum to the atfected 
side, the absence or very minimal narrowing 
of the intercostal spaces and the herniation 
of the opposite lung across the medias- 


tinum. The occurrence of an asymmetry of 


the thorax in congenital hy poplasia i is pre- 
vented by expansion of the opposite lung 
immediately after birth and its herniation 
across the mediastinum. In acquired col. 
lapse of a lung, there is always a narrowing 
of the intercostal spaces. 

When bronchiectasis is combined with 
hypoplasia, small cvstic-like structures are 
noted near or over the dense small lung 
shadow (Fig. 1, 4 and £). 

The diagnostic procedure of choice is 
bronchography.^**? Once the tracheo- 
bronchial tree has filled with contrast ma- 
terial, the diagnosis is imminent (Fig. 2). 
The entire bronchial tree is shifted to one 
side and there is no filling of small bronchi 
and alveoli. The visualized segments are 
usually the main bronchus only or the main 
bronchus and a few branches. The main 


bronchus can be short and narrow,” of 


normal size or ectatic.? If they are dilated, 
the bronchi terminate with a convexity or a 
cyst-like structure (Fig. 3). In an intrinsic 
bronchial lesion this end would be concave, 
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and a sharply cut off crescent-like end is 
seen in an extrinsic lesion.’ 

Angiography is a procedure of value par- 
ticularly if surgery is contemplated. The 
size, shape and position of the pulmonary 
artery and veins can thus be determined.” 
With defective development of the lung 
there may be an associated abnormal vas- 
cular supply leading to complication of the 
syndrome and, possibly, to difficulties in 
the surgical removal. ?:'5 


PATHOLOGY 


Pathologically, the picture may be var- 
ied. Char เล , the bronchial struc- 
tures appear relatively normal. Not infre- 
quently, the cartilaginous rings form com- 
plete circles with absent pars membrana- 
cea. Their caliber may vary from below 
normal to much above normal, giving rise 
to the diagnosis of “bronchiectasis.” ™ It 
may be impossible to determine 1f these 
bronchi, perhaps showing some chronic in- 
flammation, were wide originally, or if they 
became wide as the consequence of inflam- 
mation. Since the lung does not function, 
the former appears somewhat more likely. 
The lining epithelium is usually normal and 
the mucous glands may not be unusual. 
There may be, however, any degree of vari- 
ation in the development, quantity and re- 
lationships of these components. In our 
case for instance the amount of smooth 
muscle is increased rather out of propor- 
tion. 

'The branching of the bronchi may be 
quite variable, which fact is used by some 
as a criterion for classification. When the 
main bronchus does divide, the extent of 
subdivision may range from rudimentary 
secondary bronchi to fairly complete respir- 
atory bronchioles. In our case terminal 
bronchioles are absent but secondary and 
tertiary bronchi are fairly well formed. 

Alveoli may be altogether absent or they 
may be rudimentary. The fibrous tissue 
around the existing bronchi may be so dense 
as to lack anv clefts reminiscent of alveoh. 
Our case, with slits lined by cuboidal epi- 
thelium in a single layer, is rather more 
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typical, with abundant fibroconnective tis- 
sue separating them. The epithelium is 
similar to that adjoining an area of chronic 
inflammation in a fully developed lung. 

The vascularity of a hypoplastic lung 
again may vary from fairly dense tissue 
with relatively inconspicuous blood vessels, 
to very vascular, almost spongy paren- 
chyma. The key feature is the connective 
tissue barrier between the small vascular 
channels and the air spaces, which makes 
gaseous exchange of any significance im- 
possible. The main vessels may be normal 
or on occasion abnormal.!® Marked arterio- 
sclerotic narrowing, with or without pul- 
monary hypertension may be secondary. 
According to Ellis,’ a vascular malforma- 
tion is the etiologic factor determining pul- 
monary hypoplasia. 

The differential diagnosis between a lung 
hypoplastic at birth due to a developmen- 
tal defect and a lung severely scarred and 
nonfunctioning as the consequence of 
chronic inflammation may, on occasion, be 
difficult. In the absence of extensive scar- 
ring and anthracotic pigment, however, and 
with only relatively mild chronic inflamma- 
tory changes, the arrested development is 
clearly recognizable. 


CONCLUSION 


Pulmonary hypoplasia is a rare congeni- 
tal anomalv sometimes discovered late in 
life. Fourteen adult cases have been re- 
ported in the literature thus far. Àn addi- 
tional case of adult pulmonary hypoplasia 
with bronchiectasis is presented. The 
roentgen appearance of the chest is rather 
ty pical and consists of a relatively symmet- 
ric thorax, a considerable shift of the 
mediastinum toward the affected side and 
herniation of the opposite lung. Bronchog- 
raphy and pulmonary angiography are 
valuable procedures to establish the roent- 
gen diagnosis. Anatomically, there is no 
primary difference between pulmonary 
hypoplasia in the adult and that in the 
child. The reason for detection in children is 
early infection, which is usually not as 


Unilateral Pulmonary Hypoplasia in an Adult 224 


severe in cases discovered in adults. Surgi- 
cal removal of the physiologically useless 
organ is the treatment of choice. 


Leonid Calenoff, M.D. 

Department of Radiology 

University of Illinois College of Medicine 
840 South Wood Street 

Chicago 12, Illinois 
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BRONCHOGENIC CYST* 
A REVIEW OF 46 CASES 


By LEE. F. ROGERS, CAPTAIN 
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DENVER, COLORADO 


RONCHOGENIC cysts are congenital 

lesions which are derived from the 
primitive foregut and usually found within 
the lungs or mediastinum. A review of the 
pathologically confirmed cases of broncho- 
genic cyst encountered at Fitzsimons 
General Hospital between the years 1946 
and 1961 was undertaken in order to more 
firmly establish roentgenographic criteria 
for this entity. The roentgenograms of 46 
cases were available and these form the 
basis for the present report. 


HISTORICAL REVIEW 


It is generally agreed* "5" that Barthol- 
inus described the first case of "cystic 
disease of the lung" in 1687. This was a cyst 
of the left upper lobe in a 4 year old male. 
koontz? must be given credit for the stimu- 
lation of American interest in congenital 
cystic disease of the lung. He reviewed this 
topic in 1925, tabulating 108 cases without 
finding a single case in the American litera- 
ture. Since that time manv reviews have 
appeared, notably those of Schenck,* 
Sellors,?? Pugh,” Maier," and Conway." 

Bracher and Koontz” state in their pub- 
lication that Meyer reported the first case 
of bronchogenic cyst of the mediastinum 
in 1859; however, Hare (according to 
Adams and Thornton!) found none in a 
review of 600 cases of mediastinal tumors 
reported prior to 1899. Chiari (according 
to Sowerbutts®°) described 5 cases in 1899, 
Laipply® was able to collect 36 in 1945, and 
Bracher and Koontz? stated that slightly 
under 100 cases were reported prior to 1952. 
Numerous reports have appeared since 
that time.9.75.8.19,19,21,26,60 


EMBRYOLOGY 


The respiratory tract and esophagus have 
à common origin from the primitive fore- 
gut. A lateral septum invades from each 
side, forming a ventral and dorsal com- 
ponent, the former fashioning the tracheal 
bud and the latter the esophagus after 
their eventual separation. 

Bronchogenic cysts are formed from an 
abnormal budding of the tracheal primor- 
dium or abnormal branching of the tracheo- 
bronchial tree.?»?? The exact time of these 
events has not been ascertained but it 
might be assumed that intrapulmonary 
cysts are a result of rather late abnormal 
branching, whereas the abnormal budding 
which forms cysts found about the carina 
and trachea occurs somewhat earlier. Those 
cysts in association with the esophagus are 
formed still earlier. The latter might also 
originate from imperfect formation of the 
lateral invaginating septum. 

Several cystic lesions with gross and 
microscopic characteristics of bronchogenic 
cyst have been reported which are not 
associated with either the trachea, bronchi, 
lungs, or esophagus. These lesions usually 
occur in a paraspinal location in the poste- 
rior mediastinum but have been found 
within the presternal soft tissues," >? pan- 
creas,? thoracic inlet, and lower cervical 
region. To date, it has been presumed 
that they are formed by complete separa- 
tion of the abnormal bud and migration in 
the embryo to these locations. This remains 
conjectural. 

The buds, because of their derivation, 
are lined by secretory epithelium. If the 
connection with the tracheobronchial tree 


* From the Radiology Service, Fitzsimons General Hospital, Denver, Colorado, 
This material has been reviewed by the Office of The Surgeon General, Department of the Army, and there is no objection to its 
presentation and/or publication. This review does not imply any indorsement of the opinions advanced or any recommendation of 


such products as may be named. 
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is lost, the bud is distended and a cyst 1s 
formed by the secretions of the epithelium, 
whereas if a patent connection remains be- 
tween the two the bud fills with secretions 
and is distended by them as well as by air 
following birth and the onset of respira- 
tions. The cyst, therefore, varies from being 
completely filled with fluid to complete 
filling by air, depending upon the degree of 
bronchial communication and the secretory 
capacitv of the lining epithelium. 


PATHOLOGIC ANATOMY 


Grossly, the bronchogenic cyst is a 
single, spherical, cystic mass possessing a 
thin wall and containing either air and/or 
a clear, serous, or thick, dark, mucoid 
material. When dark, mucoid material is 
present within the cyst, it is usually 
attributed to old hemorrhage. The cyst 
may, on section, be trabeculated or may 
contain multiple thin septa and, therefore, 
be multilocular. 

Microscopically, the cysts contain one or 
more of the tissues that are normally found 
in the trachea or bronchi. Characteristically, 
they are lined with ciliated pseudostrati- 
fied columnar epithelium. In portions of the 
cyst, squamous metaplasia mav occur or 
the cilia and even the epithelium may be 
absent. The walls of the cyst consist of 
fibrous connective tissue which commonly, 
but not necessarily, contains glands, hya- 
line cartilage, smooth muscle, elastic fibers, 
and nerve trunks, either alone or in varying 
combinations.??5 When infection has oc- 
curred, the lining epithelium, as well as 
other characteristic tissues may be de- 
stroyed, making histologic verification diffi 
cult if not impossible. The absence of 
anthracotic pigmentation 1n the cyst wall 
has been proposed as proof of congenital 
origin and has been used by some in differ- 
อ ท ย เฉ ย เท ต bronchogenic from acquired 
cysts.°6°858 This conclusion is disputed by 
Conway! and others. On occasion, in the 
presence of chronic infection, microscopic 
calcification may be present; however, the 
authors were unable to find a report of a 
pathologically verified bronchogenic cyst 
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which displayed gross or roentgenographi- 
cally apparent calcification. Maier?? alone 
states that such calcification may occur al- 
though none was present in his series. 

Womach and Graham® described epi- 
thelial hyperplasia in congenital cystic 
disease of the lung. In 1947 Moersch and 
Clagett” reported 2 cases of carcinoma aris- 
ing in bronchogenic cysts, one an adeno- 
carcinoma in a mediastinal cyst and the 
other a squamous cell carcinoma in a 
pulmonary location. Since that time, there 
have been reports in the English literature 
of 4 cases of squamous cell carcino- 
mas557355? and a fibrosarcoma? arising in 
pulmonary bronchogenic cvsts. 


SYMPTOMATOLOGY 


In general, the patient with a pulmonary 
bronchogenic cyst will fall into one of four 
categories: (1) those with signs and symp- 
toms of a pulmonary infection; (2) unex- 
plained hemoptysis; (3) dyspnea, and 
cyanosis; and (4) symptom free, with an 
abnormal chest roentgenogram. 

Ahigh proportion of pulmonary broncho- 
genic cysts have a patent bronchial com- 
munication. Usually this communication ts 
small, creating a stagnant pool of secretions 
behind it, which serves as an excellent 
bacterial culture medium; therefore, sec- 
ondary suppurative infections within these 
cysts are frequent, being associated with 
cough, chest pain, and fever. 

Hemorrhage into the cyst, even in the 
absence of infection, is not uncommon as is 
demonstrated by the frequent finding of 
dark, mucoid contents within them which 
represent the residuals of old hemorrhage. 
If a bronchial communication is present, 
hemoptysis may occur. 

In the newborn period and during in- 
fancy, the patient commonly presents with 
dyspnea and cyanosis. This 1s created by a 
ball-valve mechanism at the bronchial com- 
munication, leading to air trapping, disten- 
tion of the cyst, compression of adjacent 
lung tissue, and displacement of the 
mediastinal contents. There is no apparent 
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explanation as to why this does not occur 
in later vears. 

Occasionally, dyspnea or wheezing is 
caused by a mediastinal bronchogenic cyst 
which compresses and narrows the lumen 
of the trachea or major bronchi. Similarly, 
dysphagia may be associated with esopha- 
geal compression. 

In the absence of a bronchial communica- 
tion symptoms are much less frequent. This 
is borne out by their relative paucity in the 
mediastinal group where the great majority 
is discovered on routine chest roentgeno- 
grams. A mediastinal bronchogenic cyst 
with a patent bronchial communication is 
rare. 


PRESENT SERIES 


This series of 46 cases was divided into 
32 pulmonary and 14 mediastinal cysts and 
each group will be discussed separately as 
they presented different clinical and roent- 
genographic characteristics. The average 
patient age at the time of thoracotomy for 
the entire series was 24 years, the range 
being from 14 months to 48 years; 80.4 per 
cent of the patients were males. The sex 
distribution of the series is undoubtedly a 
reflection of the military population which 
this series represents, since in the literature, 
in general, an approximately equal sex 
ncidence is reported. 


PULMONARY CYSTS 


The average age in this group was 26.8 
years, the range being from 2 to 48 years. 
Symptoms averaging 17 months in dura- 
tion were present in 26 of the 32 patients 
(81.25 per cent). As seen in Table 1, the 
most common were cough and chest pain. 
Hemoptysis was present in 8 cases and in 4 
was the only symptom. 

The general roentgenographic character- 
istics of a pulmonary bronchogenic cyst are 
a sharply defined, solitary, noncalcified 
round or oval density confined to a single 
lobe, usually a lower lobe, which changes 
little in size over a long period of time. The 
cyst will present in one of three categories: 
(1) that of homogeneous water density 
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SYMPTOMS IN 26 OF 32 PATIENTS (81.25 PER CENT) 
WITH PULMONARY BRONCHOGENIC CYST 


Cough 16 
Chest Pain 9 
Hemoptvsis 8 
Shortness of Breath 4 
Fever 3 
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(Fig. 1, 4 and B); (2) an air filled cyst; 
and (3) a cyst containing an air fluid level 
(Fig. 2, 4 and B). The walls of the latter 
two are very thin, usually measuring I to 2 
mm. and fine septa may be seen crossing 
through the cyst (Fig. 3, 7 and B). During 
the period of observation, a cyst may vary 
in any of the three categories. There is 
little, if any, evidence of surrounding 
inflammation. In this series, 8 cvsts were 
oval in shape, 18 spherical, and 6 were 
somewhat irregular or lobulated. The small- 
est cyst measured I.0X2.0X2.0 cm. and 
the largest 9.0X 10.0X 11.0 cm., the mean 
dimension being 4.0X 4.0X6.5 cm. Fifteen 
were found in the right lung and 17 in the 
left. Twenty-one (65.6 per cent) were 
located in the lower lobes, 10 in the right, 
and 11 in the left (Table 1). The lobar 
distribution of the remainder 1s also given 
in Table rr. Four cysts were in close associa- 
tion with the hilar vessels and could not 
be separated from them roentgenographi- 
cally but at surgery were found to lie 
within the pulmonary parenchyma. Twelve 
cases presented as air filled cvsts, 9 of 
which subsequently developed an air fluid 
level. Seven cases presented with an air 
fluid level and 13 cases initially presented 
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LOCATION OF PULMONARY BRONCHOGENIC CYST 


Lobe 


Upper 
Middle 
Lower 
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as a homogeneous water densitv, 4 of which 
developed an air fluid level. During the 
course of observation, 20 (62.5 per cent) 
demonstrated an air fluid level (Table 11). 

‘one of the cysts showed roentgeno- 
graphic evidence of calcification although 
microscopic evidence was found in 2 speci- 
mens. 














ased in size from 1.52€ 2.5 cm. to 4.0X 4.0 cm. 
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Fic. 1. C7 and B) A 24 year old white male with a short history of productive cough was followed for 4 
years with roentgenographic evidence of a small mas 1 


s lesion in the superior segment of the left lower lobe 
Surgical removal confirmed the diagnosis of a 


" 





Bronchograms in 18 of the 32 cases were 
available for interpretation: One-third, or 
6, revealed bronchographic medium within 
the cyst. In 2 studies bronchiectasis was 
noted in the same lobe as the cyst; in 
neither was this abnormality noted else- 
where. The remainder showed only bron- 
chial displacement in the region of the cyst. 


- 








Fic. 2. (4 and B) A 22 year old asymptomatic 
white male was noted on routine chest examina- 
tion to have a very small air fluid level in the 









right lower lobe. Bronchographic examination did not result in contrast material entering this region, 
Operative removal confirmed the presence of a very thin-walled bronchogenic cyst. 
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In no case did medium enter a cvst of solid 
water densitv. 


MEDIASTINAL BRONCHOGENIC CYST 


The average age in the group was 20.9 
years; the range being from 14 months to 28 
years. Nine (64.3 per cent) of the 14 cysts 
were discovered on routine chest roent- 
genograms. Symptoms were present in 4 
(35.7 per cent) of the 14 patients and were 
of a mild and intermittent nature in each 
case. They consisted of occasional non- 
productive cough, chest discomfort or pain, 
and shortness of breath. No patient in this 
group experienced hemoptvsis. 

The accepted roentgenographic charac- 
teristics of a mediastinal bronchogenic cvst 
are a homogeneous, smooth, solitarv, round 
or ovoid, noncalcified mass located in the 
middle, posterior, or superior mediastinum 
in close association. with the trachea or 
major bronchi. The most tvpical lesion is 
that which arises from the inferior aspect 
of the carina (Fig. 4) and extends inferiorlv. 
Attachment to the trachea and major 
bronchi is common and this mav be demon- 
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strated at fluoroscopy by motion of the 
mass in association with the trachea during 
the act of swallowing. A patent communica- 
tion between a mediastinal bronchogenic 
cyst and the tracheobronchial tree must be 
considered a rarity as the authors were 
able to find, in their review of the litera- 
ture, only 4 mediastinal bronchogenic 
cvsts^ 153159 which presented with an air 
fluid level All 4 were in a subcarinal loca- 
tion. 
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AIR FLUID LEVEL FORMATION IN PULMONARY 
BRONCHOGENIC CYST 








Presenting ) Air Fluid Level 
Category | Demonstrated 
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year old asymptomatic Negro male 
demonstrated on a routine chest roentgenogram a 
large subcarinal mass which was found to displace 
the esophagus slightly to the left. This 1s the more 
typical characteristic of a mediastinal broncho- 
genic cyst. This diagnosis was confirmed by sur- 
gery and pathologic examination. 
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Because of their location, these cysts will 
commonly displace the esophagus. The 
deformity will usually appear as a smooth 
extrinsic defect; however, they may arise 
within the walls of the eosphagus and 
present as an intramural extramucosal 
Mass. 

Fourteen (30.5 per cent) of the 46 
bronchogenic cvsts in this series were 
located within the mediastinum, 12 of 
which were ovoid in shape and 2 spherical. 
The smallest measured 3.02 3.0 X 2.0 cm. 
and the largest 10.0X 1 0 cm., the 
mean dimensions being $.0X6.0X 3.5 cm., 
approximating closely the mean of the 
pulmonary group. Seven (50 per cent) were 
found within the posterior mediastinum 


(Fig. 5 and 6, 4 and B) and $ (35.7 per 
cent) in the middle mediastinum, 4 of 


which were in a subcarinal location. Two 
(14.3 per cent) were in the superior 
mediastinum (Fig. 7, 
which were in a right paratracheal location 
(Table 1v). The esophagrams were avail- 


able for interpretation in 8 cases. Two of 
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LOCATION OF MEDIASTINAL BRONCHOGENIC CYST 





astinal | Protection to | Sub- | l'otal 

Com. i | carinal |e " 
partment | Right | Left | | No. | Per Cent 
Superior | 2 Q | -- E 2 | 14.3 
Middle |: o | 4 | $ | 35:7 
Posterior 3 d. cem WoW do 
Anterior | © Be up nm Qu O26 
Total | 6 i Up gf 14 | 100.0 


the studies were within normal limits, while 
the remaining 6 showed evidence of esopha- 
geal displacement. All 6 were caused by 
cysts arising either in a subcarinal location 
or within the posterior mediastinum and all 
were displacements to the left, 5 of which 
also had slight posterior displacement and 
one anterior. There were no cases of an 
intramural esophageal bronchogenic cyst. 
No case revealed either roentge nographic 
or microscopic evidence of calcification, nor 
did any cvst ever show evidence of an air 


fluid level. 


DISCUSSION 


Ordinarily routine roentgenograms, sup- 
plemented by fluoroscopy, are sufficient to 





Fic. §. A 14 month old asymptomatic white female 
on a routine chest roentgenogram presented a left 
posterior mediastinal mass pressing laterally into 
the region of the left upper lobe. Surgical removal 
confirmed the diagnosis of bronchogenic eyst. 
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Fic. 6. (4 and B) An 18 vear old asymptomatic white male was noted to have a small posterior mediastinal 
mass on a routine chest roentgenogram, The preoperative diagnosis was a neurogenic tumor, At surgery, 
an extrapulmonary posterior mediastinal bronchogenic cyst was removed. 











Fic. 7. (4 and B) A 25 year old white female presented questionable symptoms of shortness of breath and 
dysphagia. Chest roentgenogram showed a right paratracheal superior mediastinal mass which was 
diagnosed as a bronchogenic cyst and proven at surgery. 
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make the diagnosis. Laminagraphv and 
roentgenograms obtained with a Potter- 
Bucky grid are sometimes of value in fur- 
ther defining the lesion, particularly when 
located in the subcarinal area or posterior 
mediastinum. Bronchograms, while adding 
little to the differential diagnosis, are help- 
ful in localization and on infrequent oc- 
casions will demonstrate associated bron- 
chiectasis. Angiography may be necessary 
to rule out vascular abnormalities. 

Pulmonary bronchogenic cvst of homo- 
geneous water density would have to be 
differentiated from benign and malignant 
tumors, as well as granulomas. Hamartomas 
are frequently calcified, whereas primary 
carcinomas are not sharply defined and will 
show increase in size over a rather short 
period of observation. Metastatic nodules 
are usually multiple. Granulomas are 
generally smaller, located in theupper lobes, 
and commonlv contain calcium. 

Air-filled cysts must be differentiated 
from the cavitary lesions. Patients with a 
geographic history including the endemic 
area for coccidioidomycosis will pose the 
greatest problem as this fungus commonly 
gives rise to thin walled cavities and nearly 
two-thirds of those patients, so afflicted, 
give a history of hemoptysis. The cavitary 
lesions of the remaining fungal diseases as 
well as tuberculosis have, in most cases, a 
thicker wall and a surrounding infiltration. 
The wall of a cavitary carcinoma is thick 
and the cavity eccentric. Infarctions may 
cavitate; however, their sudden appearance 
and rapid change should lead to the proper 
diagnosis. 

Pulmonary abscesses commonly have an 
air fluid level, but they generally change 
in appearance and a surrounding infiltra- 
tion is the rule. 

The expanding air filled bronchogenic 
cvst of the newborn and infant presents a 
special problem as it must be differentiated 
from congenital lobar emphysema, pneu- 
matocele, tension pneumothorax, and dia- 
phragmatic hernia. Congenital lobar em- 
physema occurs only in the upper or middle 
lobes, whereas bronchogenic cysts are much 
more frequently found in the lower lobes. 
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In addition, lung markings are sometimes 
seen to pass through the former. A history 
of a recent pneumonia, particularly staph- 
ylococcal, is the rule when presented with 
a pneumatocele. These are found in the 
same lobe or lobes as the previous pneu- 
monia and will usually regress sponta- 
neously in a period of 3 to 4 weeks; how- 
ever, some may remain for up tog months. 
This distinction is important because sur- 
gery Is not indicated if a pneumatocele is 
present. One often is able to visualize the 
centrally placed collapsed lung when pre- 
sented with a tension pneumothorax. Con- 
genital diaphragmatic hernias are distin- 
guished by the presence of multiple air 
filled loops of bowel within the chest in 
association with a notable decrease in the 
abdominal contents. On occasion, these 
loops are not apparent and intestinal con- 
trast studies are necessary to make the cor- 
rect diagnosis. 

The differential diagnosis of a medias- 
tinal bronchogenic cyst will depend chiefly 
upon its location. Only rarely does such a 
cyst arise from the trachea or main stem 
bronchi and extend into the anterior 
mediastinum; therefore, bronchogenic cysts 
need not be considered in the differential of 
anterior mediastinal masses. 

In the superior mediastinum thyroid 
goiters, cvstic hygromas, aneurysms, and 
lymphadenopathy, especially in a right 
paratracheal location, would be frequent 
considerations. Goiters often contain cal- 
cium and both they and cystic hvgromas 
usually demonstrate a broad continuation 
with the soft tissue of the neck. Tracheal 
displacement by either is more common 
than by a bronchogenic cyst. Innominate 
artery buckling or aneurysms of the in- 
nominate artery, as well as aortic aneu- 
rysms, may show calcification within their 
walls and/or expansile pulsations on fluoro- 
scopic examination. Isolated enlargement of 
a superior mediastinal lymph node is rare. 
Peritracheal lymphadenopathy, regardless 
of the etiology, is usually accompanied by a 
similar process in the peribronchial lymph 
nodes. 

Neurogenic tumors are the prime con- 
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sideration in paraspinal posterior medi- 
astinal tumors. In contradistinction to 
these tumors, bronchogenic cysts do not 
cause rib spreading, bony erosion, or en- 
largement of the intervertebral foramina. 
Neuroblastomas frequently contain cal- 
cium and neuroenteric cysts are commonly 
associated with vertebral abnormalities, 
particularly hemivertebrae. Meningoceles 
also enlarge the intervertebral foramina 
and osteochondromas calcify. It is 1mpos- 
sible to distinguish preoperatively between 
a duplication of the esophagus, leiomyoma, 
or other benign intramural, extramucosal 
tumors of the esophagus and a broncho- 
gen:c cvst in a similar location. The latter 
should be more stronglv considered when 
presented with an extramural, extramu- 
cosal mass. 

Of all the various locations where medi- 
astinal bronchogenic cysts may be found, 
the subcarinal location is the most distinc- 
tive. Bronchogenic cysts account for by far 
the greatest majority of isolated masses in 
this area. Infrequently, these masses are 
found to be enlarged lymph nodes of intec- 
tious or lymphomatous origin. Angiography 
will be necessary to differentiate those cysts 
located in the remainder of the middle 
mediastinum from the various vascular 
abnormalities. 

At times, a grossly calcified mediastinal 
mass is discovered in a subcarinal or less 
frequently a right paratracheal location. 
Usually such masses are proven to be either 
calcific lymph node complexes or are 
histologically so amorphous that a positive 
histologic diagnosis cannot be rendered. 
Infrequently, such a mass in the subcarinal 
region represents a teratoma. 

Surgical extirpation upon discovery 1s 
the treatment of choice for any broncho- 
genic cvst regardless of its location. 


SUMMARY AND CONCLUSION 


The salient embryologic, pathologic, 
symptomatologic, and roentgenographic 
features of bronchogenic cvsts have been re- 
viewed. From an analysis of the roentgeno- 
grams of 46 cases, the following features 
are apparent: A bronchogenic cyst is a 
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sharply defined, noncalcified, round or 
ovoid mass usually found within the lungs 
or mediastinum which does not appreciably 
change in size over a period of observation. 
In the lung fields, it may present as air 
filled cyst, cvst with an air fluid level, or 
as a homogeneous water density. The cysts 
characteristically have a thin wall. During 
the course of observation, a cyst may vary 
among any of the above three categories. 
Mediastinal bronchogenic cysts are almost 
invariably of a homogeneous water density. 
Although they are commonly attached to 
the trachea or main stem bronchi, they will 
rarely demonstrate an air fluid level. Their 
most distinctive location is in the sub- 
carinal region. 


John C. Osmer, Captain, MC 
Radiclogy Service 

Ireland Army Hospital 

Fort Knox, Kentucky 
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ULMONARY contusion or bruise is an 

injury to the lung parenchyma without 
concomitant laceration. Although this en- 
titv has been known since the time of 
Morgagni,’® an understanding of its me- 
chanism of occurrence was not appreciated 
until recent times. Postmortem examina- 
tion of war casualties, particularly blast 
injuries, and animal experimental efforts 
by many authors? 45.511.12.14, revealed 
the potentiality of pulmonary contusion 
even in nonpenetrating chest injury. Ear- 
lier articles relating to contusion have de- 
scribed it as “contusion pneumonia” and 
“traumatic pneumonia.” This terminology 
is thought to be inappropriate as it implies 
an infectious process. 

Pulmonary parenchymal contusion 15 the 
most frequent roentgenographic finding in 
patients who have incurred major non- 
penetrating thoracic trauma.!*? As indi- 
cated in Table 1, although the association 
of fractures and pulmonary contusion is 
considerable, it is noted that contusion 
occurs more frequently than does a com- 
bination of fractures of the thoracic bony 
structures. In two sizable series, contusion 
was noted to occur 75.8 per cent and 72 
per cent, respectively, in patients sustain- 
ing major nonpenetrating chest trauma’? 


PATHOLOGIC FINDINGS 


Pulmonary contusion may result from 
either direct or indirect trauma; direct 
trauma being that force primarily applied 
to the chest, whereas indirect trauma refers 
to transmitted forces as in blast injuries, 
deceleration, or the secondary force exerted 
bv the abdominal contents against the 
diaphragm. Regardless of the specific type 
of trauma, the basic defect is a loss of vessel 
integrity. 

Although direct chest trauma produces a 
greater incidence of pulmonary contusions, 
more fundamental information is available 
for the lung injurv resulting from blast 
injury and in all probability the pathogen- 
esis of both is similar. Hooker,’ while 
studving the cause of the pulmonary 
bruising and rupture following animal ex- 
posure to TNT blast, speculated that the 
changes were a result of several factors. A 
lowering of alveolar pressure due to the 
suction wave would cause rupture of the 
alveolar capillaries. He stated that pa- 
renchymal injury also resulted from disten- 
tion of the lungs with air during the 
positive phase of the blast and the direct 
impact of the pressure wave on the chest 
wall. 

The work of Zuckerman?” supported the 


TABLE I 


INCIDENCE OF PULMONARY CONTUSION COMPARED TO THAT OF FRACTURES OF THE BONY THORAX 





Author | No. of Cases 
Westermark?’ | 124 
Wilhams . 120 


gis nyeneng invented ensi atest e Fe A BAR IR IV A Sees s nem pute m mene n —————————————————— M (AP PPP 


| Per Cent of Bony | Per Cent of 

i E j 

| Thorax Fractures | Contusions 

| 48.1 | 35.8 
66.0 | 72.0 


* From the Departments of Radiology and Pathology, The University of Texas Southwestern Medical School and Parkland Memorial 


Hospital, Dallas, Texas. 
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latter hvpothesis. This study showed that 
the compression wave was of shorter dura- 
tion and of greater intensity than the suc- 
tion wave, and in animals whose hemi- 
thorax was protected against such a com- 
pression wave no pulmonary changes were 
found, while the unprotected opposite 
hemithorax exhibited pulmonary hemor- 
rhages. 

Zuckerman also postulated that lung 
injury would result by transmission of a 
shock wave if the chest wall were flung in- 
wards with a velocity of 66 feet per second 
acquired in o.5 milliseconds or less. This 
supposition was confirmed by Stewart and 
associates? when animals were subjected 
to abrupt deceleration from terminal velo- 
cities up to 160 feet per second. In animals 
having a terminal velocity greater than 104 
feet per second, diffuse pulmonary hemor- 
rhage with subpleural emphysema, rib 
markings and occasional laceration resulted. 
With velocities from 75-104 feet per second, 
similar but more localized lesions were 
found. In those animals with velocities 
from 66—75 feet per second, the lungs were 
the site of multiple small scattered foci of 
hemorrhage.'® If the velocity at impact is 
constant, large decelerative forces acting 
for a brief period produce injuries of greater 
severity than smaller forces acting over a 
longer period. 

The nature of the blast components was 
substantiated by Carlton e/a/.! who demon- 
strated that the compression wave was of 
high positive pressure and shorter duration, 
while the suction wave was of less intense 
negative pressure acting over a longer per- 
iod of time. 

The phase of respiration has no decisive 
effect on the extent of resultant lung dam- 
age for the injury is due primarily to the 
direct shock wave impact. 

The spectrum of pulmonary changes 1s 
similar irrespective of whether the force 1s 
rendered as a direct blow or indirectly as 
the result of a blast injury with the excep- 
tion that blast injuries are usually bi- 
lateral.'* Grossly, the lungs show hemor- 
rhage with the amount, distribution, and 
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character of this gross change correlating 
roughly with similar counterparts concern- 
ing the force. If the force is exerted over a 
small localized area, the hemorrhage is 
ordinarily focal, limited to the region of 
direct trauma, and produces a purple con- 
solidation. If the force is expended over a 
longer area, the whole chest or hemithorax, 
the resultant contusion will be larger. 
Variations may exist. In some cases, espe- 
cially younger people, rib markings in the 
form of subpleural hemorrhages result; in 
others there may be costophrenic angle 
contusion and in others massive hilar con- 
tusions.* Contre-coup injuries may result 
from anterior or lateral chest trauma with 
the contusion localized to the relatively 
fixed posterior portions of the lungs.” In 
addition to hemorrhage, the more severe 
pulmonary injuries may manifest as trau- 
matic rupture of the alveoli!’ or as trau- 
matic mediastinal emphysema.” In cases of 
less severe pulmonary injury, pulmonary 
edema with distention of the alveolar 
capillaries may result with only minimal 
hemorrhage, if any. While the majority of 
pulmonary contusions are the result of 
alveolar capillary damage with intra- 
alveolar extravasation, the rupture of larger 
vessels may fail to produce intra-alveolar 
hemorrhage but results in a dissection by 
the blood along the path of the vessel or 
bronchus. Three specific variations in the 
manifestation of pulmonary contusion exist. 
The most common is the intra-alveolar 
extravasation of blood producing a purple 
firm lesion which may be focal, segmental 
or lobar. More often it is focal and may 
be multiple. There may be special distribu- 
tions as discussed (Fig. 1). Less intense 
injuries may produce focal areas of pul. 
monary edema, congestion of the capil- 
laries, and a minimal variable loss of 
erythrocytes (Fig. 2). With loss of integ- 
rtv of the larger pulmonary vessels, 
hemorrhage may not occur into the alveoli 
but may dissect along the soft tissues sur- 
rounding the vessels and bronchi (Fig. 3). 

Variations in the extremes of pulmonary 
trauma with hemorrhage of the lung may 





Fics. 1. A high power photomicrograph of a hema- 
toxylin and eosin stained lung preparation show- 
ing extensive extravasation of erythrocytes into 
the alveoh, rupture of a small blood vessel into an 
alveolus, prominence of the alveolar walls and 
edema fluid. There is no evidence of inflammation. 


not always be immediately apparent (see 
Fig. 4, 4 and B) on chest roentgenograms 
as shown in experimental animal studies, 
and, when chest roentgenograms demon- 
strate hemothorax, the injurv is most 
likely associated with some laceration and 
therefore more grave in its import.? Sim- 
larly, the lung which has pulmonary fat 
or tissue embolism is to be differentiated 
from primary pulmonary injuries and, in 
general, these have a poorer prognosis than 
pulmonary contusion with nonpenetrating 
trauma.^ 





lic. 2. A high magnification photomicrograph of a 
hematoxylin and eosin stained lung preparation 
demonstrating prominent alveolar walls housing 
distended capillaries. Within the alveo.ar lumens 
there is a protein-rich edema fluid with a small 
number of extravasated erythrocytes. 
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Fig. 3. A medium magnification photomicrograph of 
a hematoxylin and eosin stained lung preparation 
demonstrating perivascular soft tissue hemorrhage 
with adjacent uninvolved alveoli. 


ROENTGENOGRAPHIC AND CORRELATIVE 
FINDINGS 


Pulmonary contusion will usually be 
seen on the roentgenogram immediately 
following a nonpenetrating injury. Slight 
accentuation of the contusive changes may 
be found within the next few hours. 

Figure 4.7, the initial study immediately 
following a steering wheel injury, shows 
fractures of the right posterior second 
through seventh ribs and faint perihilar 
parenchymal densities representing early 
contusion. The chest roentgenogram 12 
hours later (Fig. 48) reveals increased 
opacification indicative of continued peri- 
bronchiolar and intra-alveolar hemorrhage. 

Distribution on the roentgenogram may 
vary from diffuse bilateral changes to 
small localized areas. The diffuse changes 
are most commonly seen 1n crushing in- 
juries or following exposure to blast. 
Pulmonary contusion does not usually con- 
form to either the segments or lobes of the 
lungs; however, infrequently, it mav be 
discrete and present in a segmental distri- 
bution. A triangular discrete area of con- 
tusion is noted in the anterior basilar 
segment of the right lower lobe in Figure 
5, 7 and B, following a fall and blow to the 
right anterior chest. 

Depending on the basic pathologic type 


Vou. 2 Pulmonary Contusion 








Fic. 4. C7) Roentgenogram of the chest immediately following an automobile accident shows fractures of the 
right posterior second through seventh ribs. Very early charges of contusion are noted within the 
right perihilar area. (B) Roentgenographic study 12 hours following 4 shows the contusive changes to be 


accentuated, indicating continued peribronchiolar and intra-alveolar hemorrhage. 
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of pulmonary contusion, the roentgeno- patient who was run over by actor. No 
gram may show either an irregular nodu- fractures were present but diffuse small ir- 
arity or the contusion may present as a regular opacities are apparent within the 
10mogeneous consolidation, Frequently, lungs and represent perivascular and peri- 
both appear simultaneously. bronchiolar hemorrhage. The roentgeno- 

?eribronchiolar or perivascular hemor- graphic appearance of this type of contu- 
rhage results in either isolated or confluent sion is indistinguishable from that of a 














irregular nodular densities. peribronchiolar pneumonic infiltrate. 
Figure 6 is the chest roentgenogram of a Intra-alveolar hemorrhage or edema pro- 





Vic. 5. (4) Chest roentgenogram following injury to the right lower thorax shows a well demarcated homo- 


t 
geneous area of contusion in the area of the anterior basilar segment of right lower lobe. (B) Close-up of 4f. 


A 
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Vic. 6. Chest roentgenogram taken after patient was 
run over by a tractor shows diffuse irregular punc- 
tate opacities representing perivascular or peri- 
bronchiolar hemorrhage. 


duces a homogeneous opacification on the 
roentgenogram. Differentiation may be 
made only by the rapidity of roentgeno- 
graphic resolution. The opacification from 
edema may have very rapid resolution. 
Figure 74, the initial chest roentgenogram, 
shows an extensive homogeneous opacifica- 
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tion within the right lung following a sudden 
compression of the right chest dealt bv a 
falling horse. The contusion almost com- 
pletely resolved 24 hours following injury 
(Fig. 75). The peribronchiolar, perivascu- 
lar, or intra-alveolar hemorrhage may take 
longer in its resolution. Even though exten- 
sive, however, it may show surprisinglv 
'apid clearing on the roentgenogram, as 1t 
has been noted that pulmonarv contusion 
will almost invariably clear within a 10 day 
period. 

The time of resolution is most important 
when contusion is present and super- 
imposed pneumonia is suspected. The 
roentgenographic differentiation. of these 
two entities is impossible. However, with 
knowledge of the resolution time for con- 
tusion, one should suspect a superimposed 
pneumonia 1f the roentgenogram does not 
clear in the appropriate time. Obviously, 
if the roentgenographic changes are ac- 
centuated subsequent to the initial studies, 
superimposed pneumonia is present. 

Another post-traumatic complication to 


be differentiated from pulmonary con- 
tusion, particularly the perivascular and 








Fic. 7. C4) Chest roentgenogram following a crushing injury shows diffuse homogeneous opacification within 


the right lung, indicating either intra-alveolar hemorrhage or exudation. (B) Follow-up study 24 hours 
after Æ shows almost complete resolution of the pulmonary opacification, indicating that the majority of 





the contusion was exudation. 


Minimal residual contusion is apparent in the lateral segment of the right 


middle lobe and anterior segment of the right upper lobe. 
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CONTUSION 





PARENCHYMAL 
LACERATION 
PULMONARY 
HEMATOMA 


RESOLUTION 
‘up to IQ days} 


ATELECTASIS 
EMPHYSEMA 


PNEUMONTA 


Fic. 8. A schematic drawing showing the importance 
of recognizing pulmonary contusion on the roent- 
genogram and aiso the subsequent findings which 
may be apparent as a result of contusion or may 
be obscured. 


peribronchiolar type, is that of fat embo- 
lization. This entity is manifested on the 
chest roentgenogram usually between the 
first and third days following injury. The 
roentgenographic appearance is that of a 
diffuse bilateral haziness similar to pul- 
monary edema. The pulmonary vascula- 
ture may reveal prominence with faint 
punctate densities appearing contiguous 
with the vascular markings. Roentgeno- 
graphic clearing of fat embolization is a 
slower process than that of contusion with 
the majority of cases showing resolution 
after a 1 to 4 week period. 

Contusion may mask a considerable 
number of entities which result from non- 
penetrating injury.” Figure 8 shows a 
chronologic sequence of events resulting 
from contusion. Resolution may occur 
within the described period of time. 
Pneumonia may subsequently be super- 
imposed. As resolution occurs, one may 
become aware of other entities within the 
lung such as parenchymal laceration and 
pulmonary hematoma, both a result of non- 
penetrating injury. Contusion mav cause 
other findings within the lung such as 
emphysema and atelectasis. These entities 
result from obstructive changes caused by 
either intrabronchial or peribronchial hem- 
orrhage of contusion. Resolution of emphy- 
sema and atelectasis is commensurate with 
relief of the obstructing clot. 
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SUMMARY 


The varicus types of pulmonary paren- 
chymal contusion, such as perivascular, 
peribronchial and intra-alveolarhemorrhage 
or exudation, have been reviewed and 
correlated with the roentgenologic ap- 
pearance of each. The time of appearance 
and resolution of contusion following in- 
jury is discussed. Other entities peculiar 
to nonpenetrating chest trauma which may 
be obscured by contusion are briefly 
mentioned. 


John Riley Willams, M.D. 
3527 Ridgeoak 
Dallas 34, Texas 
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0 0 ฝ | of the lung is a rare 
but important entity. In cases of this 
condition, where the correct diagnosis has 
not been made preoperatively, serious, even 
fatal, bleeding has occurred at surgerv. In a 
recent case this diagnosis was considered 
because of the appearance of the plain chest 
roentgenograms. Pneumoperitoneal studv 
was made preoperatively y and demonstrated 
the anomalous systemic vessel character- 
istic of sequestered lung. The value of this 
procedure in establishing this diagnosis 
has not, to our knowledge, been previously 
reported. 

Sequestration of the lung is a congenital 
anomaly of the lower lobe in which lung 
tissue has abnormal bronchial and arterial 
connections. The sequestered portion of the 
lung is supplied by a systemic artery. This 
artery arises from the aorta and usually 
anastomoses with normal pulmonary ar- 
teries. In most reported cases no patent 
connection between the sequestered lung 
and the bronchial tree has been demon- 
strated either by bronchography or in the 
gross surgical specimen. In some of these 
cases, however, the sequestered lung has 
contained air indicating a microscopic 
bronchial connection. The sequestered lung 
may be composed of normally differentiated 
lung tissue, a polycystic mass, one or more 
bronchogenic cysts or a mass containing 
branching bronchi. It may be within the 
visceral pleura of the involved lower lobe 
(intralobar) or it may lie adjacent to the 
lower lobe enclosed in a separate pleural 
sheath (extralobar). In intralobar seques- 
tration the venous drainage is to the pul- 
monary veins, whereas in extralobar se- 
questration it is to the systemic veins. 
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Extralobar sequestration will not be dis- 
cussed further. 

Intralobar sequestration commonly pre- 
sents clinically in one of two ways. It is 
either detected as an incidental finding on a 
chest roentgenogram or presents as a pic- 
ture of recurrent infection in the same place 
in one of tne lower lobes. Wyman and Ey- 
ler? in their discussion of 7 cases of intra- 
lobar sequestration, state that 3 were 
asvmptomatic and 4 symptomatic. The 3 
asymptomatic patients all had homogenous 

masses. In 2 of these 3 a finger-like projec- 
tion pointing toward the aorta was seen on 
the plain chest roentgenograms. They pos- 
tulate that this projection represented the 
systemic artery supplving the sequestered 
lung. Ther believe that when such a pro- 
jection is seen it should suggest the diag- 
nosis. All 4 symptomatic patients, at 
times, showed thin walled cysts which con- 
tained both fluid and air. 

Other authors refer to the preoperative 
diagnosis by aortography or refer to the 
inadvertent preoperative diagnosis by in- 
jection of contrast medium into the se- 
questered portion of the lung. Instead of 
outlining the suspected abscess cavity, a 
mass of branching bronchi was outlined. In 
some reported cases the correct diagnosis 
was not made until the systemic artery had 
been inadvertently cut at surgery (with 
serious resultant hemorrhage). 

Beneke! put forward the view that pul- 
monary sequestration is a primary develop- 
mental anomalv and that the anomalous 
blood supply is secondary. Pryce, on the 
other hand, holds the opposite view that 
the anomalous vessel is the primary ab- 
normality. This vessel could then ‘‘cap- 
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the paravertebral mass im- 
mediately adjacent to the left hemidiaphragm. 
This appearance is identical to that shown on 
roentgenograms made elsewhere ร months earlier. 
There erte- 
here is no evidence of an anomalous vessel. 








are no erosive changes in the ribs or v 
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ture" an end bud of normally developing 
pulmonary tissue. We beleve the patho- 
ogic findings in the case presented here 
support the latter view that the anomalous 
artery is the primary abnormality. 





REPORT OF A CASE 





L-G., a 39 year old white female, was ad- 
mitted to San Francisco General Hospital in 
anuary, 1963 for investigation of a left chest 


mass. This had been detected $ months earlier 
at another hospital on a routine chest roent- 





a! 











1) Plain roentgenogram and (B) 10 minute 
intravenous pyelogram. They show that the mass 
is not a thoracic kidney. The plain roentgenogram 
also shows streaky densities in the lung above the 
mass. This portion of the lung showed pneu- 
monitis and bronchiectasis in the pathologic 
specimen. 
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artery supplying 
sequestration 


genogram during pregnancy. The patient had 
no chest symptoms at this time and when in- 
formed of the discovery of the mass decided, at 
first, to have nothing done. Later she began to 
worry about the possibility of having cancer 
and presented herself for investigation. 

On admission to this hospital she had no 
other complaints. Her onlv previous operations 
were tonsillectomy and lett mastoidectomy, 
both in childhood. The family history was non- 
contributory. 

On examination she appeared well. Vital signs 
were normal and her blood pressure was 109/72. 
There was no cyanosis or clubbing. No unusual 
skin pigmentation was noted. Examination of 
the chest showed dullness and diminished 
breath sounds over the left base posteriorly but 
there were no adventitious sounds. All other 
systems showed no important findings. Urinal- 


LEFT LOWER LOBE Vic. 3. Cf) Upright roentgenogram following 


pneumoperitomeum (400 cc.). Barium out- 
lines the esophagus and stomach. The mass 
is separate from the spleen, stomach and 
esophagus. The mass is above the diaphragm 
but invaginates into the air shadow of the 
pneumoperitoaeum. The shadow indicated 
by the arrows corresponds exactly to the 
site of the aberrant vessel found at surgery. 


This vessel is about the diaphragm but in- 


vaginates into the pneumoperitoneum air 
shadow in a similar fashion as the mass. 
(B) Close-up of 4. (C) Line drawing of B. 


ysis and blood count were within normal limits. 
The preoperative roentgenographic findings 
are shown in Figures 1 through 3, inclusive. 
Figure 4 1s a pneumoperitoneum study made 
after surgery. 

Surgical Procedure and Findings. A left 
thoracotomy through the 6th interspace revealed 
a mass occupying the posterior basal segment 
of the lower lobe. The mass was 9 cm. 1n great- 
est diameter and appeared to compress ad- 
jacent lung tissue. There were a few filmy 
pleural adhesions over the mass and over the 
rest of the [ower lobe. A large pulsating artery 
1 em. in diameter and 4 cm. in length entered 
the posterior and inferior portion of the mass. 
The artery arose from the aorta immediately 
above the diaphragm and was enclosed in a pos- 
terior extension of the inferior pulmonary 
ligament. There was no accompanying vein 
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Fic. 4. Pneumoperitoneum study 2 months after 
surgery. The anomalous vessel is no longer seen. 


of comparable size. No other abnormalities were 
noted. After ligation and division of the 
anomalous arterv, a left lower lobectomy was 
performed (Fig. 5, Zand B). 
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Pathologic Specimen. The roentgenograms of 
the specimen injected with opaque media are 
shown in Figure 6, 4 and B. When the speci- 
men was cut, the mass in the posterior basal 
segment was found to be a cyst filled with 
sterile vellow fluid. The cyst was lined by a 
corrugated membrane and at the apex of the 
cvst was an area of dense white scar tissue 
(Fig. 5B). A probe was passed from the apex of 
the cyst through a small bronchus which 
coursed through the scarred area. This bronchus 
was a division of the posterior basal bronchus. 
A branch of the systemic artery was found to 
encircle this small bronchus for almost 360° 
and appeared to compress it and occlude it. 
This encircling artery is shown on the injection 
specimen (Fig. 64). 

Microscopic examination of sections through 
the cyst showed a lining of bronchial epithelium. 
The surrounding lung parenchyma was col- 
lapsed and completely obliterated by necrotic 
cellular debris. It contained dilated bronchi 
and bronchioles and was infiltrated with 





Fic, 5$. (4) A photograph taken at surgery. The cut ends of the anomalous vessel are shown tied by ligatures. 
The retractor is on the diaphragm and the left lower lobe is being held forward. (B) The resected left lower 
lobe after the cyst had been opened. The diaphragmatic surface of the lobe is below, the posterior surface 
above and the anterior surface on the right. Note the corrugated lining of the cyst and the scarred area 


above the cyst. 





Branches of the systemic artery run over the cystic mass. T 
systemic artery completes almost a 360° turn around 
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Fic. 6. (4) Roentgenogram of the surgical specimen. The systemic artery has been injected with hypaque. 


he arrow points to where one branch of the 
| the bronchus going to the sequestered lung. Note that 
g. 


a branch of the pulmonary artery has filled with contrast medium indicating that the systemic artery 
anastomoses with it. The pulmonary veins are also opacified (compare with B). (B) Roentgenogram of the 
specimen with the bronchial tree injected with pantopaque. There is no pantopaque entering the cyst. 
(Some contrast medium remains in the systemic artery from the previous arterial injection.) 


chronic inflammatory. cells. The encircling 
branch of the systemic artery showed the tvpi- 
cal muscular architecture of a small artery, 
whereas the systemic artery itself had numer- 
ous elastic lamina, thus simulating the ap- 
pearance of the aorta or pulmonary artery. 

Pathologic Diagnosis. Intralobar sequestra- 
tion of the lung, with bronchiectasis and chronic 
pneumonitis of the left lower lobe. 

DISCUSSION 

In this case of intralobar sequestration, 
it would appear that the anomalous vessel 
has been demonstrated by pneumoperi- 
toneum roentgenography for the first time. 
This ts a simple MEM If properly per- 
formed it has virtually no risk. Moretz and 
Erickson’! mention a report of over 300,000 
pneumoperitoneum studies without inci- 
dence of hemorrhage or peritonitis. The 
value of pneumoperitoneum in establishing 
the diagnosis of masses adjacent to the dia- 
phragm has been known for many years. 
In such cases it may be impossible to decide 
from the plain chest roentgenograms 


shadows 


whether che mass is entirely within the 
chest, or is a herniation of abdominal con- 
tents. In this situation a pneumopert- 

toneum study should be made and upright 
roentgenograms obtained. The authors 
wish to draw attention to the possibility of 


an anomalous vessel being visible in the 
pneumoperitoneum air shadow and su ggest 
that radiologists s specifically look for it. If 
this vessel is seen, it will establish the 
diagnosis of sequestered lung. In previously 
reported cases of intralobar sequestration 
coming te surgery, the anomalous artery 
has almost invariably been in the para- 
vertebral zutter close to the diaphragm and 
more commonly on the left side. Other 
should not cause confusion with 
that of an anomalous vessel. The crus of the 
diaphragm runs in a characteristic location 
and adhesions are usually fan-shaped or ir- 


regular. They do not resemble the tubular 
shadow of a vessel. The roentgenograms 


were reviewed of 20 patients who had had a 
pneumoperitoneum, either performed 
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therapeutically for upper lobe tuberculosis, 
or resulting from a perforated peptic ulcer. 
In none of these 20 cases was there a shad- 
ow similar to that caused by the abnormal 
vessel in this patient. 

The pathologic specimen in this case 
gives an unusually clear demonstration of 
the encirclement and occlusion of the bron- 
chus to the sequestered lung bv a branch of 
the svstemic artery. It would appear un- 
likely that the artery happened to grow 
around the bronchus at the site where it 
was previously constricted. A much more 
likely proposition would be that the artery 
interfered with the bronchial connections 
of the sequestered lung. This is strong evi- 
dence for the viewpoint that the anomalous 
artery 1s the primary abnormality. 


SUMMARY 

I. The importance of preoperative diag- 
nosis in cases of intralobar sequestration is 
stressed. 

2. The major findings on previously re- 
ported cases of this condition are noted. 

3. A new finding on pneumoperitoneum 
studies is reported. 

4. The structure of the pathologic speci- 
men is analyzed and throws light on the 
primary abnormality in this condition. 
Malcolm C. Hill, M.B. 

University of California 
San Francisco Service, General Hospital 
San Francisco 10, California 
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IHE VALSALVA MANEUVER IN 


ROENTGENOLOGIC DIAG} 


By JOSEPH E. WHITLEY, M.D.,* and JAMES F. 


WINSTON-SALEM, 


HETHER airway straining when 

used as a clinical method to evaluate 
a subject’s cardiovascular responses should 
be termed the Valsalva maneuver or, as 
suggested by Derbes and Kerr, Weber's 
experiment is problematic. In 1704, Val- 
salva!* described a procedure of blowing 
against the closed mouth and nose as a 
diagnostic and therapeutic means in pa- 
tients with middle ear disease and tvm- 
panic membrane perforation, while Weber!’ 
in 18$1 was the first to describe the altera- 
tions in heart sounds and pulse associated 
with blowing against a closed glottis. In 
this report, the more common usage is 
emploved. 

The mechanism of the Valsalva maneu- 
ver and the resultant phvsiologic responses 
have been fairly well established.*: ^! The 
response to airway straining is an increase 
in intrathoracic pressure with a resultant 
lowering of the effective filling pressures of 
both ventricles. The relative e importance of 
the factors resulting in the lowering of 
effective fillng pressures, par ticularly in 
cardiovascular disease states, is open to 
some debate; however, in normal subjects 
it is generally agreed that the effect is 
principally due to obstruction of venous 
return to the right heart associated with 
slowing of the dow of blood in the central 
venous reservoir® (right atrium, venae 
cavae and hepatic veins), and reversing 
venous flow in some limited venous beds.? 
There is a subsequent diminution in the 
effective mean and pulse pressures in the 
pulmonary artery and in the effective pres- 
sure in the pulmonary capillary bed. There 
is an initial transient elevation in stroke 
volume as blood is expelled from the left 
heart and the pulmonary veins by the in- 
creased intrathoracic pressure. Then, with 
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the decrease in venous return from the 
lungs and concurrent diminution in effec- 
tive filling pressure of the left heart, there 
is a resultant reduction in cardiac output 
of about 3o to £o per cent with the technique 
as emploved in most laboratories. This 
phenomenon is evidenced by an initial 
brief rise followed bv a sustained decrease in 
mean and pulse pressure in the aorta. These 
alterations trigger a reflex increase in 
sympathetic tone with peripheral vaso- 
constriction and an increase in heart rate. 
After 8 to 10 seconds, a secondary recovery 
toward control pressure and output is usu- 
ally noted. 

With a sudden release of airway strain- 
ing, there is a temporary “overshoot” in 
mean and pulse pressures and in the flow 
into the right heart. Two to three cardiac 
cycles later, this “overshoot” is transmitted 
to the left heart. This temporal phenome- 
non has been used to differentiate left and 
right heart murmurs by the sequence with 
which the murmurs reach maximum inten- 
sity after a sudden release of airway strain- 
ing. 

Other clinical uses of the cardiovascular 
responses to the Valsalva maneuver and 
the period immediately following release 
are numerous. It has been emploved as a 
test of adequacy of a patient’s sympathetic 
responses, ^?! and as a test to diagnose left 
heart failure and other causes of pulmonary 
venous hypertension.® © The effect of the 
Valsalva maneuver on splitting of the 
second heart sound and its etfect on arterial 
saturation have been described as useful in 
differentiating the normal heart from cer- 
tain congenital cardiac abnormalities. ^? 

In the held of radiology, the Valsalva 
maneuver (and increasing intrabronchial 
pressure via an endotrachial tube) has been 


* Senior Investigator in Clinical Research, North Carolina Heart Association, 


297 


298 


emploved in conjunction with angiocardiog- 
raphy and arteriography to temporarily 
lower the cardiac output, thus improving 
the visualization of the pulmonary vascular 
bed, the aorta and its principal branches 
including the coronary arteries." The use 
of the post-pressor phase of Valsalva 
maneuver has been described as a method 
to temporarily reverse left to right shunts 
at the atrial level, and thus allow demon- 
stration of atrial septal defects angiocardi- 
cgraphically with right atrial injection.’ 

The use of the Valsalva maneuver for 
plain roentgenography in diagnostic radi- 
ology dates back to at least 1928." Its 
leading recent proponent is Westermark?? 
who proposed its adoption as a part of the 
routine examination of the chest. He felt 
that it was valuable in the study of 
pulmonary lesions and to confirm or re- 
fute the presence of pulmonary arterial 
hypertension. Obtaining conventional 
posteroan terior roentgenograms o f thechest 
during the “overshoot” period, following 
the release of the Valsalva maneuver, has 
more recently been proposed as a method 
for improving the visualization of an en- 
larged left atrial appendage in mitral 
stenosis." Having come full circle to Val- 
salva’s original concept of the proce- 
dure, the maneuver was lately described 
as a method by which to fill the eustachian 
tubes with contrast material.” 

The procedure has been used in con- 
junction with chest roentgenography in 
our department for 4 years and in more 
than 2,000 selected cases. 


METHOD 


The technique employed at this institu- 
tion consists of the patient taking a deep 
breath, forcibly blowing into a mercury 
manometer and maintaining the expiratory 
ettort. The mercury column of the manom- 
eter is positioned to superimpose over the 
edge of the posteroanterior chest film and 
thus record the instantaneous pressure at 
the moment when the roentgenogram is ob- 
tained. The exposure is made approxi- 
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mately 5 to 6 seconds after the initiation 
of the patient's effort. 

The minimum level of intrabronchial 
pressure to assure a consistent significant 
cardiovascular response in the normal per- 
son has been variouslv estimated to be in 
the range of 30 to 40 mm. of mercury. The 
precise level in any individual is deter- 
mined by his pulmonary compliance, ve- 
nous pressure, and vasomotor tone. 

From the collected published cardiac 
catheterization data, it was noted that 
the time of maximum physiologic re- 
sponse to the Valsalva maneuver occurs in 
the range of 6 to 8 seconds after the intra- 
bronchial pressure is elevated. To estimate 
how this reported time of maximum physio- 
logic response coincides with the timing of 
the maximum anatomic response as found 
with the roentgenographic technique, a 
cineradiographic examination of the heart 
was undertaken with filming during normal 
respiration, during the Valsalva maneuver 
as long as it could be sustained without 
syncope, and during the succeeding 10 to 
12 seconds after release. Ten subjects with- 
out known cardiac disease were studied 
with this procedure in the erect position, 
employing the posteroanterior projection. 
Simultaneously, an electrocardiogram was 
obtained and the "pressure blown” was 
recorded with a Statham strain gauge on a 
multichannel chart recorder with à known 
time scale. The data obtained are shown in 
Figure 1. The mean interval from the onset 
of the Valsalva maneuver to minimum 
heart size as seen on the posteroanterior 
roentgenogram was 4.9 seconds. 

In order to more easily ascertain the 
minimum level of positive pressure sus- 
tained and to make the timing of the pro- 
cedure more convenient, a simple device 
was manufactured (Fig. 2) and connected 
in parallel with the mercury manometer. 
When a pressure of 30 mm. Hg or more is 
reached, the device was designed to turn 
on a light visible to the subject and activate 
a timing circuit. When the pressure has 
been sustained for $ seconds, the timing 
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Put these New Books in Roentgenology 
to work for you 





A STUDY GUIDE FOR 
STUDENT X-RAY 
TECHNICIANS 


by Joyce Oliphant, Macon Hospital, Macon, Ga. 
Based on many years of successful teaching ex- 
perience, this guide consists of self-testing questions 
on every phase of x-ray technology . . . ethics, 
nursing procedures, contrast. medias, terminology, 
prefixes and suffixes, anatomy and physiology, 
darkroom, radiographic quality, physics, radioactive 
substances, radiation protection, routine radiog- 
raphy, special procedures, and positioning. For 
answers the student may refer to his classroom lec- 
tures and to an excellent list of textbooks and hand- 
books contained in the study guide. The student 
who has completed this course of study will be 
well prepared for his Registry examination. The 
book will be equally useful to instructors who wish 
to check their students’ progress. Oct. '63, 768 ppu 
$5.50 





CALCIFICATIONS 
OF THE HEART 


by Jerome H. Shapiro, Harold G. Jacobson, and 
Berta M. Rubinstein, ai] of Montefiore Hospital, 
New York City; Maxwell H. Poppel, New York 
Univ., New York City; and John B. Schwedel, 
Montefiore Hospital. With a Contribution on Cine- 
radiography by Joseph Jorgens, Univ. of Minne- 
sota, Minneapolis, Minn. Designed primarily for 
radiologists . . . to make them aware of the im- 
portance of accurately localizing and diagnosing 
caleifications in and about the heart. From the 
uncommon to the common-—a variety of calcifica- 
tions are considered. Pathology and clinical find- 
ings are presented. Roentgen findings are carefully 
described and profusely illustrated with especially 
prepared LogEtronic reproductions. Roentgen tech- 
nique considered extends from simple roentgenog- 
raphy to cineradiography of the heart. Sept. 63, 
208 pp. (7 X 10), 133 il., $12.50 





AN ATLAS OF VASCULAR 
RINGS AND RELATED 
MALFORMATIONS OF 

THE AORTIC ARCH 
SYSTEM 


by James R. Stewart, Owings W. Kincaid, and 
Jesse E. Edwards, all of the Mayo Clinic, Roches- 
ter, Mian. The developmental, anatomic, and diag- 
nostic aspects of vascular rings and all related 
malformations of the aortic arch system are cov- 
ered in this one comprehensive text and atlas. 
[1 ds the first book devoted entirely to this group 
of malformations—a book of special interest to 
the radiologist. Following a discussion of develop- 
ment of the normal HORS arch system, the authors 
cover embryologic aspects of congenital malforma- 
tions of the aortic arch system, classification of 
anomalies, pathologic anatomy, radiologic diag- 
nosis, and clinical and surgical aspects of various 
lesions. Over 200 drawings, photographs of patho- 
logic specimens, roentgenograms, and angiograms 
are included. Oct. '63, 184 (81 x H) PP» 261 il., 
$10.75 





THE CHEST FILM IN 
MASSIVE PULMONARY 
EMBOLISM 


by Daniel J. Torrance, Jr., The Johns Hopkins 
Univ., Baltimore, Md. Covers the x-ray diagnosis 
of massive pulmonary artery occlusion based 
heavily cn findings in the plain chest film. The 
book consists of twenty-three case presentations in 
which chief emphasis is on abnormality of vessel 
shadows in the lung and as exact as possible a 
correlation between shadows of the vessels on the 
x-ray film and actual pathological processes under- 
lying. Cases are grouped according to mor phologic 
changes in the vascular shadows—a grouping 
which has resulted in the emergence of well-defined 
patterns sufficiently characteristic fo warrant diag- 
nosis with great assurance. Oct. '63, 88 pp. (812 
x I1), 76 il. (Amer. Lec. Roentgen Diagnosis 
edited by Lewis E. Etter, Univ. of Pittsburgh), 
$6.75 
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Photorecording and Dot Scanning 








To extract the most information out of 
both the scanning techniques routinely 
at your command, you should be able to 
ญ vary background suppression on either 
separately. 


On the Picker Magnascanner the controls 
for the photorecording system are 
completely independent of those 
governing the dot-writing stylus. 





DOT PHOTO 
RECORDING RECORDING . . 
CONTROL CONTROL some other scanning instruments 
arbitrarily restrict you to a single 
suppression control for both systems. 






the versatile scanner 
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DIVISION J PICKER X-RAY CORPORATION 
WHITE PLAINS, NEW YORK 
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Fic. 1. The response of the heart of a normal indi- 
vidual to the Valsalva maneuver. The upper 
tracing of the transverse diameter was obtained 
from projecting a simultaneous cine examination 
of the heart and replotting over the lower tracings 
obtained with a Stathum strain gauge. 


mechanism turns on a second signal light 


which is visible from the control booth. If 


the pressure falls below the 30 mm. Hg, the 
timing mechanism is automatically re- 
cycled. Most of the accompanying roent- 
genograms were obtained prior to the 
installation of this refinement. 


RESULTS 


In normal individuals (patients without 
known cardiovascular or pulmonary dis- 
ease and personnel routinely examined), the 
heart and great vessels significantly dimin- 
ish in size with an associated diminution in 
the pulmonary vasculature and increased 
radiolucency in the lungs during the posi- 
tive pressure phase of the Valsalva maneu- 
ver. After release of the positive pressure, 


there is a transient increase in the size of 


these structures above pre-maneuver meas- 
urements presumably associated with the 
temporary elevation in cardiac output. 
Since the routine roentgenograms were not 
timed in reference to the heart cycle, no 
statistical analvsis of these variations was 
attempted. Diminution in the transverse 
diameter of the heart in the order of 15 to 
30 per cent was routinely encountered with 
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Vic. 2. Schema of the pressure-time indicator dev ce 


Thurstone, Department of 
Bowman Gray School 


เศ by Dr. I. E. 
Biomedical Engineering, 
of Medicine. 


diminution of similar magnitude noted in 
the great vessels (Fig. 3, 4 and D; and 4, 
A and B). 

The clinical conditions in which roent- 
genograms made during the positive pres- 
sure phase of the Valsalva maneuver have 
been found useful are: 

In differentiating large hilar vessels 
from hilar lymphadenopathy and other 
mass lesions of the hilus by improving the 
visualization of apparent hilar masses 
(both posteroanterior and lateral projec- 
tions have proved helpful) (Fig. 6, 4 and 
br and 6, 4 and 5). 

In improving the visualization of 
miliar, -and small nodular pulmonary den- 
sities and to help differentiate normal and 
dilated blood vessels from infiltration and 
EE (Fig. 7, 4 and B). 

In providing an additional approach 
to ah diagnosis and evaluation of certain 
abnormal cardiovascular conditions. In 
cases of simple mitral valvular lesions, of 
uncomplicated small and moderate sized 
left to right shunts, and of emphysema and 
fibrosis without accompanving pulmonary 
hypertension, a response similar to that 
described in normals is encountered. With 
positive pressure there is an apparent 
regression of the characteristic roentgeno- 
graphic findings in these various states, 
making the appearance of the heart and 
great vessels more normal (Fig. 8, 7 and B; 
and 10, / and B). In left to right shunts 
and mitral valvular disease complicated 
with pulmonary hypertension, as well 
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primary pulmonary hypertension and cor 
pulmonale, the abnormalities of the pul- 
monary vascular tree appear hxed despite 
positive pressure and some diminution in 
heart and aortic size (Fig. 9, -7 and B; anc 


11, .7 and B). However, a lack of change 











/ 


Fic. 4. C4 and B) Response of a 62 year old male with hypertension, and a history 


Fic. 3. C4 and B) Normal Valsalva response accentuatec 
Het. 35 per cent) in 





l by mild tron deficiency anemia (Hb. 9.9 gm., 
31 year old female. 


in the appearance of the pulmonary vascu- 
ature with positive pressure is not pathog- 
nomonic of pulmonary hypertension. Such 
a lack of change has been observed in 
valvular pulmonary stenosis, intra-atria 
septal defects with massive left to right 





and electrocardiographic 


findings of coronary insufficiency. Observe the diminution in size of the heart, pulmonary vessels and even 
the aorta, despite dilatation and extensive calcific sclerosis. 
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Fic. 5$. Gf and B) Improved demonstration of minimal hilar lymphadenopathy in a 66 year old male 
with chronic lymphocytic leukemia. 
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fairly constant relation betw 
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shunts without hypertension, and in com- 
bined pulmonary stenosis and intra-atrial pressure in the pulmonary : 
and 5). amount of intra-alveolar pressure required 
to compress the central branches" is an 


een the blood 
rterv and the 










septal defects (Fig. 12, 
PS oversimplification. Ín intra-atrial septal 
detects with large lett to right shunts and 


* 
2 


In light of more recent investigations, 
sis that "there is a in severe pulmonary valvular stenosis with 
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Fic. 6. (4 and B) Oat cell carcinoma of the right main stem bronchus in a 61 year old male. Note the 
improvement in delineation of the obvious mass of the right hilus with this technique. 
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Fic. 7. G£ and B) Sarcoidosis ina 31 year old female verified with lymph node biopsy. The Valsalva maneuver 
of 





sharpens the definition of the pulmonary nodule 





normal or low pulmonary artery pressures, 
the Valsalva maneuver does not cause a 
diminishing of the size of the main pul- 


monary artery or of the " 








é E a 
central branches. 





s and 


accentuates the linear shadows of fibrosis present. 


From the exceptions to Westermark's 
hvpothesis and the present dav proposed 
mechanism of action in normal individuals, 
itis probable that the lack of effect of in- 
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man, 


Fic. 8. G4 and B) Twenty-three year old female with classic uncomplicated mitral stenosis. At valvulotomy, 


the valve opening was estimated to be 1.2 sq. cm. There is a diminution in the size of the heart and great 
vessels with the maneuver. Note the persistent convexity 1n the region of the left atrial appendage. 
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Fic. 9. (4 and B) Proven pure mitral stenosis complicated by pulmonary hypertension. Pulmonary artery 


- 


so mm. Hg. C 





pressure was 7O. 


‘alculated arteriolar resistance was $39 dynes’ sec., 





cm.-$. Note the diminu- 





Y 


tion in the heart size but lack of change in the appearance of the pulmonary vasculature. 


creased intrabronchial pressure in the 
presence of pulmonary hypertension is 


mediated indirectly via an increased vol- 














ume (and decreased compliance) of the 
right heart and central venous reservoir. 


The range of pressure and time emploved 
in the examination as described is not sufh- 


- 


cient to lower the effective filling pressure ot 
the right heart. The increased pulmonary 
slood volume present with large intr: 
atrial septal defects has been proposed as 
a factor in the lack of normal pressure and 
pulse responses to the Valsah 


a maneuver 
in this condition? and may plav some role 

















Vic. 10. (4 and B) Proven uncomplicated patent ductus arteriosus. Note the diminution in size of 
heart, aorta and pulmonary vasculature to normal levels. 
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Fic. 11. (Æ and B) Thirty-seven year old female with slight digital clubbing, shortness of breath and cyanosis 
on exertion on the basis of primary pulmonary hypertension. The pulmonary artery pressure was 73; 26 
mm. Hg. The changes of pulmonary hypertension in the pulmonary vascular tree are not affected by the 


procedure, 


in the apparent lack of diminution in the 
size of the pulmonary arterial tree as seen 
on roentgenograms. 

One use proposed tor this procedure is 
assumed to differentiate pulmonary arterio- 


venous fistula from solid tumors of the 


lung. À proven case of a large arteriovenous 
maltormation was encountered in our se- 
ries; however, the Valsalva maneuver did 
not appreciably diminish the size of the 





Vic. 12. C£ and B) Nineteen year old white male with sl'ght cyanosis since birth. Right ventricular pressure 
of 20$; 10 mm. Hg. Mean pulmonary artery pressure was 10 mm, Hg with 20 dynes/sec./cm.-3 pulmonary 
resistance, At surgery, tight pulmonary valvular stenosis with a 3 cm. ostium secundum atrial septal defect 
was present. Note the lack of change in the appearance of the dilated main pulmonary arterial tree with 
positive pressure despite the low pulmonary resistance. 


Vot. 91, No. 2 The Vals: 
mass with an adequate studv. The explana- 
tion of this failure is unknown. It is pos- 
sible that the wall of the abnormal vascu- 
lar structure contained enough resilience 
due to fibrous tissue to keep it from col- 
lapsing despite a diminution in the internal 
pressure, or that the pressure-How relation- 
ships were not significantly altered 

Two other assumed uses of this procedure 
which we have not encountered are (1) in 
the diagnosis of constrictive pericarditis 
where there should be a lack of diminution 
in the size of the cardiopericardial sil- 
houette and (2) in the diagnosis of peri- 

cardial effusion where the Valsalva maneu- 
ver is supposed to diminish the heart size 
and to accentuate the "water bottle" ap- 
pearance of the cardiopericardial silhouette. 


CONCLUSION 


The Valsalva maneuver offers the radi- 


ologist an opportunity without the use of 


special equipment or a painful procedure 
to examine the heart and great vessels of an 
individual during an altered hemodynamic 
state. With only a mercury manometer 
salvaged from an old sphvgmomanometer, 
a watch with a sweep second hand and a 
few instructions, the procedure can be car- 
ried out at the technical level. 

In patients with a normal cardiovascular 
system, the procedure can be valuable in 
that it improves the 
selected pulmonary and hilar lesions bv 
diminishing the size of the heart, aorta and 
pulmonary vessels. In patients with cardio- 
vascular disease, the procedure can be used 
to estimate the effectiveness of a semi- 
standardized positive pressure effort in 
lowering the effective filling pressure of the 
heart. The response of the heart and vascu- 
lar structures as seen roentgenographically 
can help establish the diagnosis of and/or 
judge the severity of a number of cardio- 
vascular abnormalities. 


SUMMARY 


The Valsalva maneuver has been investi- 
gated in almost all of the disciplines of 
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medicine during its 250 year history. A 
small part of this history is discussed with 


particular emphasis on the usefulness of the 
procedure in conjunction with plain and 
special roentgenography. Its value in plain 
roentgenography of selected cases of pul- 
monary disease is outlined and illustrated. 
Some of the more recent clinical and basic 
cardiovascular investigations are described 
and application of these concepts to plain 
roentgenography of the heart and great 
vessels is presented. 

Joseph E. Whitley, M.D. 

Department of Radiology 

The Bowman Gray School of Medicine 
Winston-Salem, North Carolina 
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THIS report, we wish to describe an 

apparently unreported, normal varia- 
tion in contour of the heart which appears 
in pregnancy; namely, selective dilatation 
of the right atrium. This dilatation may be 
sufficiently striking to suggest the presence 
of organic heart disease to those who are 
not aware of the nature of 
this roentgenographic finding 


MATERIAL 


Radiologists are familiar with the in- 
crease in transverse diameter of the heart 
which occurs in pregnancy, even in the ab- 
sence of significant diaphragmatic eleva- 
tion. These changes have been well docu- 
mented by many writers including Rollins 
and Bonte, who also indicate that in the 
normal pregnant woman, the cardiac con- 
tour retains a normal configuration. The 
cardiac configuration which is usually seen 
in pregnancy is demonstrated in Figure 1, 


A and B. In contrast to this usual appear- 
ance, we have observed 38 pregnant women 
in the past 4 vears who demonstrated ap- 
parent selective dilatation of the right 
atrium. In several of these before we be- 
came aware of its significance, the mag- 
nitude of this dilatation was sufficient to 
suggest organic heart disease 

Figure 2, 7 and B demonctates the most 
marked example of right atrial dilatation in 
our series. This patient, a 21 year old Negro 
woman, was 6 months pregnant when first 
seen, and had no history of heart disease. 
Physical examination, electrocardiography, 
and cardiac ca tliéterization demonstrated 
no organic lesion to explain this degree of 
atrial dilatation. F ollow-up roentgenograms 
made 6 2o = showed a decrease of 
total cardiac size, but persistence of the 
right atrial 0 Persistence of this 
dilatation to some degree has been true in 
several other women with right atrial dila- 





Fic. 1. GZ and B) Frontal 


silhouette 


* From the Departments of Radiology and Medicine, University of Missouri School of Me 
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Fic. 


series a persistence of this dilatation after delivery. 


tation, whom we have been able to follow 
roentgenographically (Fig. 3, .7-F). In 
another woman, the atrial dilatation disap- 
peared 2 days post partum. In all these 
women, the cardiac silhouette to the left of 
the spine has appeared normal in size and 
configuration, the dilatation of the right 
atrium being the only apparent aberration. 

Figure 4, 4, B and C shows the chest 
roentgenograms of 3 additional pregnant 
women and ก te: the various de- 
grees of right atrial dilatation which mav 
be seen. None of these women presented 
any clinical signs or symptoms of heart dis- 
ease on physical examination. In addition 
to the cardiac catheterization mentioned 
previously, we performed detailed cardiac 
work-ups, including electrocardiography, 
on 3 other of these women without finding 
any abnormality. The striking similarity 





in the roentgenographic appearance of 


these women has led us to attempt to diag- 
nose, with a fair degree of success, preg- 
nancy from the chest roentgenograms show- 
ing this finding. 


COMMENT 
Idiopathic dilatation of the right atrium 
is a poorly documented entity. Our review 


of the literature has shown only one article 
on this subject. None of the reported 





. Frontal roentgenograms showing the most markec example of right atrial dilatation found in this 
(4) Six months pregnant; (B) 6 months post partum. 


women was pregnant. It is our premise that 
dilatation of the right atrium in the preg- 
nant subject results from either or both of 
two physiologic variables; namely, eleva- 
tion of right atrial pressures with resulting 
dilatation or adaptation to an increased 
blood How. Although an increase in blood 
volume and cardiac output during preg- 
nancy is known to occur, this would not 
seem to explain the degree of atrial dilata- 
tion which we have observed, since other 
conditions which result in sustained eleva- 
tion of the cardiac output have not been 
associated with such changes to our knowl- 
edge. 

Although we cannot, as vet, present a 
he to explanation for such selective 
chamber e enlargement, the fact that we do 
not see similar ch langes in many nonpreg- 
nant young women whom we survey rou- 
tinely in our hospital would suggest that 
such dilatation occurs as a phy siologic re- 
sponse to pregnancy. Our series includes 
one woman in whom we were able to ob- 
serve the development of right atrial dilata- 
tion during her pregnancy. Our experience 
with this entity indicates that the elevation 
of the diaphragm seen in pregnancy does 
not provide an adequate explanation for 
this roentgenographic appearance, since 
such elevation was not evident in many of 
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Fic. 3. Frontal roentgenograms of 3 pregnant women with right atrial dilatation with evidence of persistence 


= 


of this dilatation in the postpartum period. (7) Six months pregnant; (B) 2 months post partum. (C) 
Eight months pregnant; (D) 1 year, 8 months post partum. (Æ) Four months pregnant; (4°) 1 year, § 
months post partum. 











these women. We believe that it is impor- 
tant to recognize that right atrial dilatation 


* 


in pregnancy is a normal variation which is 
apparently of no clinical significance. Such 
recognition will obviate the necessity for 
further investigation of this condition in the 
pregnant woman, thus preventing unwar- 
ranted anxiety and radiation exposure. 


SUMMARY 


Selective dilatation of the right atrium 
may occur as a normal variation of preg- 
nancy and may persist in the postpartum 
period. We believe that this alteration in 
cardiac contour is of no clinical importance 
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lia. 4. Frontal roentgenograms of 3 pregnant 


women showing various degrees of right 
atrial dilatation. G7) Five months pregnant; 
(B) $ months pregnant; (C) 6 months 
pregnant. 


and should not lead to further clinical 1n- 
vestigation. 
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ATRIAL APPE! 


. FEATURES OF THE 





DAGES* 


By GARY E. SWANSON, M.D., and ISRAEL STEINBERG, M.D.1 


NEW YORK, NEW YORK 


HE anatomic and roentgenologic fea- 

tures of the atrial appendages in 
health and disease were reviewed by study- 
ing a large number of angiocardiograms. 
This paper is an account of the findings 
with special attention to thrombosis of the 
left atrial appendage in rheumatic heart 
disease. 

Lmbryologically, the right atrial append- 
age is formed from the right half of the 
primitive atrium and the left atrial append- 
age trom the left half of the primitive 
atrium. Anatomically, the left atrial ap- 
pendage is longer and narrower than the 
right atrial appendage. It is directed for- 

ards on the left side of the pulmonary 
arterv and overlaps the root of this vessel. 
The right atrial appendage is a small coni- 
cal muscular pouch with dentate margins. 
It projects from the upper and anterior 
portion of the sinus venarum forwards and 


towards the left side overlapping the root of 
the aorta. 

Roentgenologically, the exact location 
and size of the atrial appendages varv 
with atrial contraction; the atrial append- 
ages are largest in atrial diastole.^ The 
appendages are best visualized in the 
frontal view (Fig. 1, 4 and B). In the 
lateral projection, the right atrial append- 
age obscures the outflow tract of the right 
ventricle (Fig. 25). The average normal 
size of the atrial appendages varies so much 
with atrial contraction that their measure- 
ments are impractical (Fig. 3, Z and B). 


CONGENITAL ANOMALIES OF THE 
ATRIAL APPENDAGES 


Congenital atriomegaly is rare. Re- 
cently, Parmley” reported 2 patients with 
congenital atriomegaly owing to giant left 
atrial appendages. The first patient was an 





Fic. 1. Normal atrial appendages. (4) Frontal teleroentgenogram of a 16 year old girl showing the size, 
location, and appearance of the right atrial appendage (arrow). (B) Frontal teleroentgenogram of an 18 
year old girl demonstrating the normal left atrial appendage. 
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11 vear old bov with a left atrial appendage 
which measured 20 cm. in diameter at 
thoracotomy. The second case also had a 
large atrial appendage. In congenital mitral 
stenosis, the left atrium mav be normal or 
enlarged.^ Bernstein. and colleagues re- 
ported a case with a small sized 





eft atrial 
appendage;* however, in our experience the 
eft atrial appendage in congenital mitral 
stenosis is usually enlarged (ig. 4). 





The right atrial appendage is very often 
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Ps anomaly of the tricuspid calze 
wh patent foramen orale and pulmonic vat. 
cular stenosis. CF) Frontal angiocardiogram 

year old bov with cardiac murmurs 











ofa 
and cvanosis since birth showing enlarge- 
ment of the superior vena cava, right 
atrium, and atrial appendage. (B) Lateral 
angiocardiogram demonstrating how the 
right atrial appendage obscure 








s the outflow 
tract of the right ventricle. (C) Lateral 
angiocardiogram later in the series, after 
emptying of the atrial appendage, disclosing 
pulmonic valvular stenosis. 


? 





enlarged in patients with pulmonic stenosis 
(Fig. 5, .7 and 5), tricuspid atresia (Fig. 
6.7), and Ebstein's anomaly of the tricuspid 
valve (ig B and C). In tricuspid 
atresia the left atrial appendage may also 
be vers large (hig. 6, 5 and C; and 2. 
‘gure 8, of and B shows a patient with an 
enlarged right atrial appendage, transposi- 


| great vessels, and pulmonary 

















tion of the 
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atresia. 
Lateroposition of the atrial appendages 








is an uncommon congenital anomalv anc 
refers to a deve opmental abnormality as- 
sociated with transposition of the great 
vessels. Both appendages lie side by side 
either on the left or right side of the heart. 
Smyth” reported a case and reviewed the 
iterature and out of a total of 18 patients 
found that the atrial appendages were lo- 
cated on the left side of the heart in 16 in- 
stances and on the right side in 2. Recent 
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2 Roentgen Features of the Atrial Appendages I 





Fic. 3. Heart failure of unknown etiology in a 
5 year old boy demonstrating variation. in 
size of left atrial appendage with change in 
the cardiac cycle. (A) Frontal angiocardio- 
gram showing engorged pulmonary veins 
and enlargement of the left atrium and 
ventricle. Note the enlarged left atrial ap- 
pendage in atrial diastole. (B) In atrial 
vstole the left atrial appendage is much 
smaller. (C) Frontal angiocardiogram of a 
ว year old boy also with congenital heart 
disease of unknown etiology and with heart 

The left atrial appendage, left 











failure. 
atrium, and ventricle are huge. 





Fragovannis and Nickerson? reported a 
single case in which the patient had both 
appendages on the left side. The cardiac 
esions in this instance consisted of aortic 
and tricuspid atresia. They proposed the 
term juxtaposition rather than lateroposi- 
tion of the atrial appendages. 
An unusual case of partial a 
pericardium with herniation 
atrial appendage simulating 

















sence of the 
ot the lett 
mediastina 





314 





Lic. 4. Frontal angiocardiogram of congenital mitral 
stenosis in a 21 month old infant. The left atrium 
and appendage are markedly enlarged, 


tumor was seen at The New York Hospital 
and is deemed worthy of mention. 


REPORT OF A CASE 


A 43 vear old Caucasian woman (N.Y.H. 
#845051, had an abnormal] left heart silhouette 
in the region of the pulmonary artery. This was 
discovered during a routine chest survey § 
years prior to admission (Fig. 9T). Her com- 


plaint was pain in the left anterior chest and 
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arm during exertion or emotion, which was ag- 
gravared in the supine position. The blood 
pressure was 130/70 mm. Hg and the pulse was 
72 amd regular. A faint murmur was 
heard at the apex of the heart. The electro- 
cardiogram was normal. A mass in the left 
hilus was visualized on a frontal roentgeno- 
gram. 

An angiocardiogram on February 10, 1959, 
showed the opacified left atrial appendage to 
be the cause of the abnormal shadow in the 
left hilus (lig. 958). Thoracotomy by Dr. 
Laurence Miscall disclosed that the left atrial 
appendage was herniated through a partial 
detect in the left side of the pericardium. The 
pericardium was mobilized and, as the base of 
the left ventricle was approached, it was noted 
that absence of the pericardium exte inde 1 from 
the anterior surface of the pulmonary artery to 
the left inferior pulmonary vein. The patient 





made an uneventful recovery and became 
asymptomatic following operation, 


Comment. There are over 100 cases of 
congenital absence of the pericardium re- 


porter in the literature ^ 9 12.48 16.17.20 how. 
ever, onlv 6 are recorded with left atrial 


ir 


appendage herniation.* 25177? The above 
sase is 1 of 4 in which angiocardiography 
suggested that the abnormal left hilar sil- 
houette was the left atrial appendage. 
Hering, Wilson, and Ball" described 2 cases 





Ut 


Fic. 5. Conget 


cardiogram of a 6 year old child with a huge right atrial appendage. 


atrial appendage in a 27 year old woman. 


nital valvular pulmonic stenosis with enlargement ef the right atrial appendage. (A) Frontal angio- 


rate enlargeme ont of the right 


(5) Mode 
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of congenital absence of the pericardium; in 
, the left atrial appendage w: 
ล "aphically. The remaining 2 


ere reported by Fowler? and Kavanagh- 
le and associates, 5 respectively. 


RHEUMATIC HEART DISEA 
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Thrombus in the lett atrial appendage is 
of considerable importance in rheumatic 
heart disease, for this finding will alter the 


Roentgen Features of the Atrial + 








Appendages 


i 





dd atresia in a 6 week old infant. 
ห 1) Frontal selective angiocardiogram with 
-atheter in an enlarged right atrial append- 
age. There is opacification of a large right 
atrium, left atrium, left atrial appendage, 
and left ventricle. (3) Selective frontal 
angiocardiogram with catheter in an en- 
larged left atrial appendage. Note that 
des spite the catheter position, the append- 
age is not more distended than in C 
Lateral selective angiocardiogram 
taneous biplane of 7). 




















(simul- 


surgeons approach to mitral valvulotomy 
Indeed, Graef and colleagues,!? in a review 
of chee in rheumatic heart disease 
found that the atrial 0 80 ฝ 0 were In- 
volved in 84 per cent of the cases. In the 
other 16 per cent the throm ae was con- 
fined to the atrium without involving the 
appendages, Arendt and Cardon! reported 





that the demonstration of undue promi- 
nence of the left atrial appendage on the 


vat 
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red left atrial appendage. [VC is the in- 
fener vena. cava; RA, right. atrium; LA, left 
atiam; AO aorta. Lower arrow points to hypo- 
opacihed right ventricle. 


















“ntianal roentgenogram was of value 


* 


conv: 
in. the diagnosis of lett atrial. thrombosis. 
aleication. of the thrombus was de- 
scribed by B as also a good sign of atrial 
thrombus. Since these si are so uncom- 
mon, it seemed important to evaluate in- 
travenous angiocardiography in the diagno- 
is of thrombus in the left atrial append- 
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Vic. 8. Huge right atrial appendage in a 2X year old position of the great and pulmonary 
atresia. (A) Frontal intravenous angiocardiogram showing the huge right atrial appendage arising from 





, E 
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the atrium; the large opacified aorta comes off the right ventricle. (B) Lateral (simultaneous biplane of .4) 


c r 
angiocardiogram demonstrating how the enlarged right atrial appendage obscures the ongin of the aorta. 
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Roentgen Fe 


satures of the 


Atrial Appendages 915 





ages’ therefore, the angiocardiographic 
findings were correlated with the surgical 
and pathologic findings in so patients 
(Table 1). In 36 patients without throm- 
bus (72 per cent of the cases), the left atrial 
appendage was not visualized. Thus, failure 
to visualize the left atrial appendage on 
intravenous angiocardiograms does not 
necessarily mean that a formation of a clot 
has occurred. Of the 11 instances in which 
the left atrial appendage was visualized, 
1 patient had a thrombus, and this 
was seen onlv microscopic: 
the excised appendage. For practical pur- 
poses, if the atrial appendage is visualized, 
it may be assumed that no thrombus is 
present (Fig. A; DA Chand 1i: 
Atrial thrombi, however, are usually easily 
visualized.!?.?: 

Recentlv, a 60 vear old woman with rheu- 
matic heart disease and mitral stenosis 
came to operation, and calcification of the 
left atrial appendage (Fig. 12) was verified. 
Because of obliteration of the left atrial 
appendage, the operative approach to the 
mitral vz dve was via the right border of the 
left atrium. 


ally in the wall o£ 


Studies of the left atrial appendage have 
been found useful in differential diagnosis. 
Jacobson and Weidner” reported that dila- 
tation of the left atrial appendage following 
the Valsalva maneuver occurs in mitral 
stenosis and strongly recommended the 
maneuver for diagnosis. In a recent com- 
munication, Steinberg g and associates? have 
reported that thrombosis of the left atrial 
appendage associated with filling defects in 
the left atrium was a reliable sign of an om 


Tanrg I 


ATRIAL APPENDAGE VISUALIZATION IN ANGIO- 
CARDIOGRAPHY OF §O PATIENTS WITH 
RHEUMATIC MITRAL STENOSIS 


ee et aes 0 net ante SS OH 





Both atrial appendages visualized O 
Only right atrial appendage visualized 1I 
Only left atrial appendage visualized 11 
Neither atrial appendage visualized 28 


SURGICAL AND PATHOLOGIC FINDINGS 
(LEFT ATRIAL APPENDAGE) 


Thrombus in nonvisualized appendage 3 
Thrombus with visualization of left 
atrial appendage I 
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bic. 11. 


Frontal angioca irdiogram demonstrating : 
huge left atrial appendage in a $7 year old woman 
with rheumatic mitral stenosis. The left atrium 1s 
only slightly enlarged. 


thrombus rather than of a mvxoma. 

A bullet trapped in the right atrial ap- 
pendage was recently localized bv angio- 
cardiography.* It had found its way to the 
atrial appendage after a shrapnel injury to 
the left leg in World War I. It was removed 
in order to alleviate anxiety. 
the atrial appendage may occur when selec- 
tive angiocardiographv is performed using 

stiff catheter. Fortunately, this did not 
occur in the patient illustr ก ก Figure 6, 


A, B, and C. 


SUMMARY AND CONCLUSIONS 


Angiocardiography by visualizing the 
cardiovascular structures permitted the de- 
tailed roentgen study of the atrial append- 
ages. Alterations of the atrial appendages in 
congenital and acquired heart disease were 





Perforation of 


Roentgen Features of the Atrial Appendages Si 


D 





Enlarged conventional frontal roentgeno- 
a 60 vear old woman with rheum: atic 
calcification of the left atrial 


Fic. 
gram of 
heart disease and 
appendage (arrow). 


reviewed and academic and practical data 


concerning the atrial appendages were 
secured. 
Gary E. Swanson 


The New York Hospital-Cornell Medical Center 


s25 East Seth Street 
New York 21, New York 
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TRICUSPID ATRESIA* 


REPORT OF A CASE WITHOUT TRANSPOSITIO: 





| OR 


PULMONARY STENOSIS 


LEWIS S. CAREY, M.D.,t and JESSE E. EDWARDS, M.D.1 


MINNEAPOLIS, MINNESOTA 


RICUSPID atresia may be associated 

either with normally related or trans- 
posed great arterial vessels, and pulmonary 
stenosis may or may not be present? The 
most common variety Is that in which the 
great vessels are normallv related and in 
which pulmonary stenosis and subpul- 
monary stenosis are associated. 

In the most common variety the roent- 
genographic appearance is quite uniform 
from case to case. Usually, the heart is of 
normal size or slightly enlarged. There is 
often a convexity of the left cardiac border, 
and the pulmonary vascular markings are 
either diminished or at the lower limits of 
normal. In the uncommon form there is 
marked cardiomegaly and an obvious in- 
crease 1n pulmonary vascularitv. 

The case to be presented, being of an un- 
common variety, concerns a patient in 





whom there was neither transposition of the 
great vessels nor pulmonary stenosis, 


REPORT OF CASE 


A 1 month old boy was admitted to the Uni- 
versity of Minnesota Hospitals with a mild 
upper respiratory infection and cardiac failure. 
The infant had been slightly dusky for a week 
prior to admission, although no cyanosis had 
been noted at the time of his birth. The mother 
had been exposed to German measles during 
the second month of pregnancy at which time 
she had received gamma globulin. 

Physical examination of the infant revealed 
a loud, harsh, systolic murmur at the lower 
left sternal border. The murmur, transmitting 
widely into the axilla and the back, was asso- 
ciated with a thrill. The liver was palpable 4 
cm. below the right costal margin, and the 
spleen was slightly enlarged. 

An electrocardiogram indicated the presence 


YE 


Fic. 1. (4) Frontal and (B) lateral roentgenograms of the thorax show marked cardiomegaly with increased 


pulmonary vasculature. In the lateral view there is 


an indentation of the anterior aspect of the barium- 


filled esophagus which is caused by enlargement of the left atrium. 
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of right atrial hypertrophy, left ventricular 
hypertrophy, and left axis deviation. In addi- 
tion, it was thought that left atrial hypertrophy 
was also present. 

Frontal and lateral roentgenograms of the 
thorax showed marked cardiomegaly and in. 
creased pulmonary vascularity. Left atrial en- 
largement was also present (Fig.t, 4 and B). 
Forward angiocardiography was performed. 
These studies (Fig. 2, 4-F) showed sequential 
opacification of the inferior vena cava, the 
right atrium, left atrium, the left ventricle and, 
subsequentlv, there was simultaneous opacifica- 
tion of both great vessels. In the lateral view 
the great vessels were normally interrelated. 
No ductus arteriosus was demonstrated. Con- 
trast medium appeared to stream across the 
right atrium, through the patent foramen 
ovale, and into the left atrium. The left atrium 
filled densely and appeared to lie to the left of 
the normal position. No filling of a right ven- 
tricular chamber was detected. The diagnosis 
of tricuspid atresia and ventricular septal de- 
fect, with normal relationship of the great ves- 
sels, was made. 

The child died shortly after returning home. 

Pathologic Findings. Examination of the 
necropsy specimen revealed the great arterial 
vessels to be of about equal caliber and in cor- 
rect interrelation. At the anticipated location 
of the tricuspid valve, there was neither an 
orifice nor was there valvular tissue (Fig. 3 and 
4/1). An atrial septal defect at the fossa ovalis 
was the route of exit for right atrial blood. The 
mitral valve led into a chamber resembling the 
left ventricle from which the aorta arose in a 
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lic. 3. Diagram showing the anatomic features of 

the heart and great vessels in the case reported 
(tricuspid atresia without transposition, wide 
ventricular septal defect, and near normally sized 
infundibular chamber). 


normal manner. A large ventricular septal de- 
fect, which lav below the aortic valve and an- 
terior to the mitral valve, led into a large 
infundibular chamber (Fig. 4B). The latter 
was located at the anterior basal aspect of the 
ventricular mass and from its upper end the 
pulmonary trunk arose. Attached to the an. 
terior leaflet of the mitral valve was a collection 
of accessory valvular tissue which, in turn, 


r 


Fic. 2. Forward angiocardiograms. Exposure at the rate of ร films per second. Numbers on individual films 


indicate their position in the sequence. (4) Contrast medium fills the right atrium (RA) and streams 
through the atrial septal defect (ASD) into the left atrial chamber (LA). (B) Progress of contrast me- 
dium from the left atrium into the left ventricle (LV). (C and D) Simultaneous frontal (C) and lateral 
(D) views. Contrast material has appeared in the aorta and pulmonary trunk but there is insufficient 
material in these vessels at this stage for them to be clearly outlined. Hazy area of increased density witha 
superior convex margin, represents the aorta which lies above the opacified right (RA) and left atrial (LA) 
chambers. RAA — right atrial appendage; LAA «left atrial appendage. (E) Frontal view. The aorta (A) 
and pulmonary trunk (PT) are now well defined, as is the enlarged left ventricular chamber. (F) Lateral 
view at later stage in study indicates that the aorta occupies a normal position, Arrow points to one of the 
vessels arising from the aortic arch. The pulmonary trunk is partially obscured by the right and left atrial 
appendages. The area of increased density overlying the root of the aorta immediately beneath the letter 
“A” represents, in part, the left atrial appendage and, in part, the pulmonary trunk. The nght atrial 
appendage which forms the anterior superior margin of the heart in this view obscures the anterior portion 
of the pulmonary trunk. Comparison with D indicates the manner in which the atrial appendages may, in 
part, obscure the pulmonary trunk and make it difficult to evaluate the anatomic relation of that vessel 
to the aorta. 
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Fic. 4. G1) The great vessels viewed from in front. The aorta (A.) and the pulmonary trunk (P. T.) are nor- 


mally interrelated. The two vessels are of about equal diameter. 
aorta is the wide ventricular septal defect (D.). Accessory mitral valvular tissue pres- 


aorta. Inferior to the 


( B) Left ventricle (L. V.) and ascending 


ents into the posterior aspect of the ventricular septal defect 


protruded into the posterior of the 
ventricular septal defect. 

The view that pulmonary hypertension had 
been present was supported bv 2 histologic 
facts: (1) the medium of the pulmonary trunk 
resembled | 


aspect 


that of the aorta, and (2) the intra- 
pulmonary muscular arteries and arterioles EK 
hibited excessive medial muscular tissue. 


COMMENT 

Demonstration of marked cardiomegaly 
with increased pulmonary vasculature in 
cases of tricuspid atresia without transposi- 
tion of the great vessels is uncommon. 
Abrams and Alwav! reviewed the literature 
on the roentgenographic features in 33 cases 
of tricuspid atresia. They stated diat in 
most cases, the heart was either normal in 
size Or aniy slightly enlarged. The pul- 
monary vascular markings were usually 
either slightly diminished or at the lower 
limits of normal, Astley and associates? re- 


ported on 9 cases of tricuspid atresia with- 
out transposition: They described the ap- 
pearance ie the pulmonary fields as “con- 
gested” in but 1 case; in another, pulmo- 
nary E was described as "nor- 
mal." Their remaining cases 
"ohigemic" pulmonary fields. In the cases 
which exhibited “congested” lungs, Dm 
was a patent ductus arteriosus but no as- 
sociated pulmonary stenosis. 

In our experience, infants with tricuspid 
atresia who present with marked cardio- 
megaly and increased pulmonary vascula- 


ture have represented either one of 2 situa- 
tions, each without pulmonary stenosis: 


(1) a moderately large ventricular septal 
defect and a inde or large right ventricu- 
lar infundibular chamber without trans- 
position, or (2) a com oe ventricle with 
transposed great vessels.’ The manifesta- 
tions in cases of the first of the 2 foregoing 
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groups mimic those of tricuspid atresia with 
transposition of the great vessels, both 
clinically and on conventional roentgeno- 
grams. By angiocardiography those cases 
without transposition can readily be dis- 
tinguished from those with transposition 
and a single ventricle. 


SUMMARY 


The pathologic findings are correlated 
with angiocardiographic observations in a 
case of tricuspid atresia without transposi- 
tion of the great vessels or pulmonary 
stenosis. 

Tricuspid atresia without pulmonary 
stenosis is usually associated with a single 
ventricle and transposed great vessels. The 
type of case reported here is uncommon. 
Distinction from the more common variety 
of tricuspid atresia without pulmonary 
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stenosis may be made by angiocardiog- 
raphy. 


Lewis S. Carey, M.D. 
Department of Radiology 
University of Minnesota Hospitals 
Minneapolis, Minnesota 
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THE SPECTRUM OF CONGENITAL HEART DISEASE 
ASSOCIATED WITH CYANOSIS IN ADULTS* 


ANGIOCARDIOGRAPHIC FINDINGS 
By S. DAVID ROCKOFF, M.D., M.Sc. (Rapxorocv),t and DEAN T. MASON, M.D.1 


ECAUSE of the hemodynamic burden 

caused by most types of congenital 
heart malformations associated with cyano- 
sis and the complications due to secondary 
polycythemia, the occurrence of such de- 
fects is uncommon in adults. Moreover, if 
one excludes from these the patients who 
have reversed shunts due to pulmonary 
hypertension, congenital heart disease asso- 
ciated with cyanosis is rare in adults. 
Angiocardiography is relied upon for the 
definitive diagnosis in such cases. It is our 
purpose to present the spectrum of con- 
genital heart disease associated with cyano- 
sis which can occur in adults (Table 1), 
stressing the unusual forms which may be 
seen, the angiocardiographic features of 
such cases, and the hemodynamic factors 
which affect longevity. Several of these pa- 
tients are of even greater interest because 
of associated cardiovascular abnormalities 
which were demonstrated angiocardio- 
graphically. 


REPORT OF CASES 


VENTRICULAR SEPTAL DEFECT WITH PULMONARY 
HYPERTENSION (EISENMENGER'S COMPLEX) WITH 
CORONARY ARTERIOVENOUS FISTULA 


Case 1. H.G., N.L.H. No. 03-53-77. This 20 
year old white mongoloid male was admitted 
with a history of cyanosis and a heart murmur 
since birth. In early childhood, squatting and 
syncopal episodes occurred with exertion. For 
several years prior to admission he had been 
limited by dyspnea and upper respiratory infec- 
tions. On physical examination there was gen- 
eralized cyanosis and clubbing. There was a 
right ventricular lift and a palpable pulmonic 
second sound. Auscultation at the base revealed 
a single second sound and a loud systolic ejec- 
tion sound followed by a short grade 11/v1 mid- 


systolic murmur. A faint continuous murmur 
was heard along the right and left sternal bor- 
ders. The electrocardiogram revealed right 
ventricular hypertrophy and strain, right axis 
deviation, and right atrial enlargement. The 
chest roentgenograms showed an enlarged pul- 
monary artery and right ventricle and increased 
pu'monary vascularity. The systemic arterial 
oxygen saturation was 79.5 per cent and the 
hematocrit 73 per cent. At cardiac catheteriza- 
tion, the pulmonary arterial and right ventricu- 
lar systolic pressures were 120 mm. Hg and were 
balanced with the systemic pressure. A large. 
right-to-left shunt was indicated at the ven- 
tricular level by cardiogreen dye curves. The 
catheter passed through an interatrial com- 
munication. Left ventricular angiocardiography 
(Fig. 1, 4 and B) and subsequent retrograde 
aortography (Fig. 2) were performed. From 
these and the cardiac catheterization data, the 
diagnosis was established. 


Comment: Eisenmenger’s complex is a 
ventricular septal defect with a right-to-left 
shunt secondary to pulmonary hyperten- 
sion. Angiocardiograms showed the pres- 
ence of a ventricular septal defect with a 
normal pulmonic valve in this case (Fig. 1, 
A and B). The diagnosis of Eisenmenger's 
complex was made in conjunction with the 
cardiac catheterization data which showed 
an elevated pulmonary artery pressure (120 
mm. Hg) and desaturation of the systemic 
arterial blood (78.5 per cent O;). Survival 
to adulthood of such patients has been re- 
ported with some frequency. It is of 
interest that this patient presented with a 
continuous murmur in association with 
cyanosis, a combination which has been 
said to be almost pathognomonic of truncus 
arteriosus, but in this instance was due to 
a coronary arteriovenous fistula (Fig. 2). 


* From the Diagnostic X-Ray Department, Clinical Center,t and Cardiology Branch, National Heart Institute,T National Insti- 


tutes of Health, Bethesda, Maryland. 
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CONGENITAL HEART DISEASE ASSOCIATED WITH CYANOSIS IN A DULTs* 





uM VIRA A LEO ST 


Relative Survival into 


Case Adulthood 
1, Patent ductus arteriosus with pulmonary hypertension Frequent 
2. Atrial septal defect with pulmonary hypertension Frequent 
3. Ventricular septal defect with pulmonary hypertension (Eisen- I Infrequent 
menger's complex) 
4. Pulmonic stenosis with interatrial communication (Trilogy of H Infrequent 
Fallot) 
g. Tetralogy of Fallot Infrequent 
6. Tetralogy of Fallot with atrial septal defect (Pentalogy of Fallot) IH Infrequent 
—Pentalogv of Fallot with corrected transposition of the great 
vessels IV Extremely rare 
7. Ebstein's anomaly of the tricuspid valve V Infrequent 
8. Tricuspid atresia VI Extremelv rare 
9. Single ventricle Occurs only with associated 
pulmonic stenosis 
10. Total anomalous pulmonary venous drainage VH Extremely rare 
11. Pulmonary atresia with normal aortic root (Pseudotruncus) Extremely rare 
12. Truncus arteriosus VIH Extremely rare 


13. Complete transposition of the great vessels 


*Modified from Keith, J. D., Rowe, R, D., and Vlad, P.” 


Occurs only with associated 
pulmonic stenosis”? 


T Cases with defects numbers 1 and 2 have not been presented because of their relatively common occurrence in adulthood. A case 
with defect number 5 is not shown because the angiographic characteristics are shown in the case illustrating defect number 6. Cases 
with defects numbers 9, 11 and 13 have not been presented because we have not performed angiocardiography on adults with these 


disorders, 


TRILOGY OF FALLOT WITH MESOVERSION 


Case m: AP N.LH. No. 02-75-25. This 29 
year old white female was admitted with a his- 
tory of a heart murmur and cyanosis since in- 
fancy. Physical examination revealed general- 
ized cyanosis and clubbing. There was a right 
ventricular lift, a palpable systolic second sound 
and a systolic thrill at the base. Auscultation re- 
vealed a grade iv/vi systolic ejection murmur 
followed by a single second sound over the pul- 
monary outflow tract. Systemic arterial oxvgen 
saturation was 80.5 per cent and the hemato- 
crit was $6 per cent. Right heart catheteriza- 
tion revealed an atrial septal defect. The pul- 
monary artery was not entered. Dye curves re- 
vealed a large right-to-left shunt and a small 
left-to-right shunt at the atrial level. The right 
ventricular and systemic pressures were bal. 
anced. There was no evidence of a shunt at the 
ventricular level. Angiocardiographv with in- 
jection into the left atrium (Fig. 3, 4 and B) 
and into the right atrium (Fig. 4) was per- 
formed and, in conjunction with the catheteri- 
zation data, the diagnosis was made. At opera- 
tion, mesoversion was confirmed and a normal 





pulmonic valve was noted, beneath which was 
a discrete ridge of fibromuscular tissue. This 
was resected and a teflon prosthesis was secured 
in the atrial septal defect. At the completion of 
the procedure, there was no significant residual 
pulmonic gradient. The postoperative course 
was uneventful and the patient has done well 
since surgery. 


Comment. Trilogv of Fallot is an inter- 
atrial communication in combination with 
pulmonic stenosis.?? This patient is unusual 
in that the pulmonic stenosis was infundib- 
ular rather than valvular.” Angiocardio- 
graphically, the diagnosis of trilogy of 
Fallot is made by the demonstration of an 
atrial septal defect and pulmonic stenosis, 
in the presence of an intact ventricular 
septum. In this patient the heart shows the 
rotational anomalv of incomplete dextro- 
version (mesoversion)! in which the longi- 
tudinal axis of the interventricular septum 
is along the midsagittal axis of the chest, 
the position of the ventricles in the postero- 


C2 
t2 
oH 


Fic. 1. Case n Ventricular septal defect with pul- 


monary hypertension (Eisenmenger's 
with coronary arteriovenous fistula. C4 and B) 
Left ventricular (L.V.) angiocardiograms show a 
large ventricular septal defect (V.S.D.) with 
normally appearing pulmonic valve (P.V.) and a 
normal pulmonary outflow region (P.A.) of the 
right ventricle (R.V). An abnormal channel 
opacifies from the right coronary artery (C. E.) 


complex) 


anterior view being similar to that of a 

normal left anterior oblique view. Also, the 
night atrium overlies the right ventricle in 
frontal projection and the pulmonary out- 
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How tract is medially positioned. Similarly, 

the left atrium is superimposed on the left 
were and, as seen in this patient, there 
is characteristically a left aortic arch. The 
position of the great vessels might cause 

mesoversion to be mistaken for — ed 
transposition of the great vessels (see Case 
iv). Right ventricular hypertension and 
decreased right ventricular compliance, 
secondary to the pulmonic outflow obstruc- 
tion, lead to right atrial hypertension and 
B nnd of blood from right- en through 
the interatrial communication. Survival to 
adulthood is infrequent.!& 8 


PENTALOGY OF FALLOT 


Case un E.M, N,LH. No. 02-40-17. This 39 
year old white temale was admitted with a his- 
tory of a heart murmur, cyanosis and squatting 
during infancy. and TTE During early 
adult life, she was only moderately limited and 
at the age of 36 vears successfully completed a 
pregnancy. Phy sical examination revealed mod- 
erate clubbing and cyanosis. There was a right 
ventricular lift, a decreased pulmonic closure 
sound, a systolic thrill and a grade 1v/vi harsh 

systolic ejection murmur over the pulmonary 
outflow tract. The electrocardiogram revealed 
right axis deviation and right ventricular hyper- 





ic. 2. Case 
ท ร อ ท ตุ ย ชร complex) with coronary arteriovenous 
fistula. À retrograde aortogram shows the coronary 
arteriovenous fistula (C. F.) with contrast material 
shunting from the aorta to the right atrium (R.A.). 
Note incidental congenital deformity of descend- 
ing portion of aortic arch. 


Ventricular septal defect (Eisen. 
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Fic. 3. Case u. Trilogy of Fallot with mesoversion. 
(4 and B) Injection of contrast material into the 
left atrium (L.A.) opacified the left ventricle 
(L.V.) and aorta (Ao). The aorta is unusual in that 
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Fic. 4. Case 11. Trilogy of Fallot with mesoversion. 
With injection of contrast material into the right 
atrium (R.A.), opacification of a small right ven- 
tricle (RV) which overlies the right atrium is ob- 
tained. Pulmonic infundibular stenosis (P.L) is 
identified. The pulmonic valvular leaflets (P.V) 
are seen to be normal and the somewhat dilated 
pulmonary artery (D.A.) is central in position. 
There is faint opacification of the left atrium 
(LA) and aorta (Ao) due to the presence of the 
atrial septal defect. There is marked reflux of con. 
trast material into the hepatic veins (HV). 


trophy. The plain roentgenograms of the chest 
demonstrated concavity in the region of the 
main pulmonary artery and decreased pul. 
monary vascularity. The hematocrit was 58 per 
cent and the resting systemic arterial oxygen 
saturation 90.3 per cent. At right heart cathe- 
terization, an atrial septal defect and a ventricu- 
lar septal defect were easily crossed. The pul- 
monary artery pressure was 15/4 mm. Hg and 


it ascends and descends on the left and, in lateral 
projection, is anteriorly placed. The left ventricle 
overlies the left atrium in frontal projection, is 
anteriorly placed in lateral projection, and the 
plane of the interventricular septum is along the 
mid-sagittal axis of the chest. 





pui 


son 
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Fic. &. Case ir. Pentalogy of Fallot. (2, B, C and D) After injection of contrast matenal into the ri 


ventricle (R.V.), opacification of the pulmonary artery (P. A.) and aorta (Ao) and faint opacificatior 
the left ventricle (L.V.) and ventricular septal defect (V.S.D.) is noted. The thickened and domed pulmc 
'alvular leaflets (P. V.) and the pulmonary infundibular narrowing (P.L) are demonstrated. Poststenc 
dilatation of the left main pulmonary artery and the small caliber of the peripheral pulmonary ves: 


are seen, In the lateral projection, some rotation of the great vessels is noted in that the aorta 








anterior to the pulmonary artery. 
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the right ventricular pressure, 110/0 mm. Hg. 
Cardiogreen dye curves revealed a moderate 
right-to-left and a small left-to-right shunt at 
the ventricular level and a small left-to-right 
shunt at the atrial level. The diagnosis was 
established on the basis of the catheterization 
data and the angiocardiographic findings (Fig. 
š, A-D). Corrective surgery was contemplated, 
but the patient was found to be pregnant and 
the operation was delaved until after delivery. 


Comment. A pentalogv of Fallot is an 
interatrial communication, in addition to 
the pulmonic stenosis, the right ventricular 
hypertrophy and the ventricular septal de- 
fect with over-riding of the aorta seen in 
tetralogy of Fallot.” Angiocardiographi- 
cally, in the patient presented (Fig. 5, 4-D) 
the diagnosis of a ventricular septal defect 
with overriding of the aorta and pulmonic 
valvular and infundibular stenosis was 
made, which is indicative of tetralogv of 
Fallot. The additional presence of the inter- 
atrial communication was established at 
cardiac catheterization. The cyanosis in 
pentalogy of Fallot is, as in tetralogy of 
Fallot, due to a right-to-left shunt through 
the ventricular septal defect. As in tetral- 
ogy, most cases become progressively more 
cyanotic and dyspneic after the first few 
months of life, and develop increasingly 
severe symptoms after puberty that ter- 
minate in death at about the end of the 
second decade. However, infrequent ex- 
ceptions have been reported in which un- 
operated patients have survived into adult- 
hood "6 


PENTALOGY OF FALLOT WITH CORRECTED 
TRANSPOSITION OF THE GREAT VESSELS 


Case 1v. A.C., N.LH. No. 04-02-28. This 38 
year old white female had a history of a heart 
murmur and cyanosis since birth. She was 
limited by moderately severe dyspnea on exer- 
tion and syncopal episodes and, as an adult, 
angina pectoris. On physical examination there 
was a diffuse ventricular lift over the precor- 
dium and a systolic thrill with a grade u1/vt 
systolic murmur along the upper left sternal 
border. The liver was enlarged and tender 
and there was 3 plus bilateral ankle edema. The 
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electrocardiogram revealed complete heart 
block, right axis deviation, right ventricular 
hypertrophy, and right atrial enlargement. The 
hematocrit was 62 per cent and the systemic 
arterial oxygen saturation 61.6 per cent. Right 
heart catheterization revealed an interatrial 
septal defect. Only the anterior ventricle could 
be entered. The pulmonary artery could not be 
entered. Cardiogreen dye curves from the left 
atrium, anterior ventricle, and superior vena 
cava all had a left sided appearance time, sug- 
gesting a large right-to-left shunt. The angio- 
cardiographic findings are shown in Figure 6, 4, 
B and C. At surgery, the patient had a left sub- 
clavian-pulmonary artery anastomosis estab- 
lished with a teflon graft. However, postopera- 
tively the patient developed congestive failure, 
pulmonary infection and cardiac arrhythmias 
and expired. Postmortem examination con- 
firmed the diagnosis. 


Comment. A patient with corrected 
transposition of the great vessels and no 
other associated defects has a normal 
longevity.*?! This patient's cardiovascular 
illness was due to a pentalogy of Fallot with 
a hypoplastic systemic ventricle (Fig. 6, 
A, B and C). It is apparent from the 
พ ลา studies that this patient was 
receiving virtuallv all of her svstemic cir- 
culation from a large venous ventricle 
through a candide septal defect. Con- 
des the severity of this patient's 
cardiovascular defects, it is most surprising 
that she lived to the age of 38 vears.??! The 
angiographic characteristics by which the 
associated corrected transposition of the 
great vessels is determined include posi- 
tional transposition of the great vessels at 
their origins and anatomic connection of 
the pulmonary artery to the functional 
venous ventricle and of the aorta to the 
functional systemic ventricle, despite the 
positional transposition of the great vessels. 
Other characteristics include a trabecu- 
lated appearance of the systemic ventricle 
suggesting that it is anatomically a “right 
ventricle” (not well seen in this patient 
because of hypoplasia) and a smooth- 
walled appearance of the venous ventricle 
suggesting that it is anatomically a "left 
ventricle." 


fa 


*. 
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lic. 6, C 





ase Iv. Pentalogv of Fallot 


Meno 


with corrected transposition of the 








great vessels. C4, B and C) Injection 





of contrast material into a very large 
venous ventricle (V.) reveals it to be 
smooth-walled, thereby appearing to 
be an anatomic lett ventricle. Con- 
trast material can be seen enterin 
the aorta through a large ventricular 
septal defect (V.S... Two other 
tiny septal defects (V.S.D.,) can be 
seen filling the hypoplastic systemic 
ventricle, À very small, centrally 
placed main pulmonary artery (D. A 
ban be seen filling from the large 
ventricle. The origin of the pulmo- 
nary artery is seen to be stenotic 
PS ascending aorta (Ao) 
markedly enlarged and 


he pulmonary 
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Fic. 7. Case v. Ebstein's anomaly. An intravenous 
angiocardiogram reveals a markedly enlarged 
right heart (arrows), most of which represents 
right atrium (R.A.), the exact limits of which can- 
not be defined on this study. 


EBSTEIN'S ANOMALY OF THE 


Case v. J.C., N.L.H. No. oo-28-14. This 20 
vear old white male was admitted with a history 
of intermittent cvanosis, dvspnea and syncopal 
episodes since birth. Phy sical examination re- 
vealed generalized cyanosis and clubbing, a 
protodiastolic gallop and a grade 11/v1 precor- 
dial systolic murmur. The electrocardi logram re- 
vealed right bundle branch block, right axis 
deviation, and right atrial hypertrophy. Plain 
roentgenograms of the chest showed generalized 
cardiac enlargement and decreased pulmonary 
vascularity, The hematocrit was 80 per cent and 
the arterial oxvgen saturation 73.7 per cent. 
Cardiac c 


TRICUSPID VALVE 





catheterization revealed normal right 
atrial and ventricular pressures and the pres- 
ence of an interatrial communication. Figure 7 
is the intravenous angiocardiogram from which, 
in conjunction with the cardiac catheterization 
data, the diagnosis of Ebstein's anomaly of the 
cease valve was postulated. At surgery, the 
atrial sept: al defect was closed but the patient 
expired in the postoperative period. A post- 
mortem examination revealed an atrial septal 
defect and Ebstein’s anomaly of the tricuspid 
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valve with downward displacement of the pos- 
terior line of attachment of greatly enlarged 
valve leaflets. 


Comment. Ebstein’s anomaly of the tri- 
cuspid valve is a malformation of the right 
atrioventricular ostium in which there is 
down we ard displacement of the tricuspid 

valve toward the cardiac apex and usually 
feo of the valvular leaflets. Acya- 
notic cases are extremely rare and all of 
the cvanotic ones have had atrial septal 
defects demonstrated.’ Angiocardiographi- 
cally, a very large right atrium is seen 
(Fig. 7) which, because of 1ts size, is fre- 
quently difficult to opacify well. It is also 
frequently possible to visualize a relativelv 
small right ventricle," but a common prob- 
lem is the determination of where the en- 
larged atrium ends and the diminutive 
ventricle begins. The cyanosis is due to a 
right-to-left shunt through the atrial septal 
defect secondary to an elevated pressure in 
the right atrium. In the majority of the 
'ases, the cvanosis appears at birth, early 
infancy or insidiously between the apes of 
3. and 12. Survival to adulthood in Ebstein’s 
anomaly is relatively infrequent.!^9?:97 


TRICUSPID ATRESIA 


Case vr. A.H., N.I.H. No. 03-87-02. This 27 
year old Me on male was Sd wie 
tory of progressive cyanosis, exertional dyspnea 
and a heart murmur since infancy. At the age of 
17, at another hospital, he underwent a left 
subclavian-pulmonary artery anastomosis after 
a diagnosis of tetralogy of Fallot had been 
made. However, his cyanosis improved only 
transiently. Physical examination. rev ealed 
severe cyanosis and clubbing. There was a left 
ventricular thrust, a grade 11/vr systolic ejec- 
tion murmur and a faint continuous murmur at 
the base. The electrocardiogram revealed left 
ventricular hypertrophy, left axis deviation, 
and left atrial hypertrophy. The systemic ar- 
terial oxygen saturation was 88.5 per cent and 
the hematocrit 82 per cent. At right heart 
catheterization, the catheter crossed an inter- 
atrial communication and then entered a ven- 
tricular chamber where a systemic pressure was 
recorded. The right ventricle and the pul. 
monary artery could not be entered. Cardio- 
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green dve curves from the right and left sides ot 
the heart all had a lett-sided appearance time, 


indicating a right-to-left shunt at the atrial 





level. From the cardiac catheterization and 
angiocardiograms (Fig. 5, 4, B and C), the 


diagnosis of tricuspid atresia was made. The 
patient underwent cardiac surgery at which 
time an anastomosis was created between the 
distal end of the divided right pulmonary 


artery and the side of the superior vena cava. 
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Fie 8. Case vi, Tricuspid atresia. (4, B and 
C) A night atrial. (R.A) injection reveals 
opacification of the left atrium (L.A.) and 
subsequent opacification of the left ven- 
ticle (L.V), from which the aorta (Ao) 
opacifies. The pulmonary artery (P.A.) is 
opacihed, but the source of the opacifed 
blood is not defined. Note the triangular 
area of nonopacification at the interior 
border of the heart in the region usually oc- 
cupied by the right ventricle, R. Aa right 
atrial appendage. 




















The superior vena cava was then ligated proxi- 
mal to this anastomosis in order to create a 
channel to the pulmonary arteries for oxygena- 
tior. of venous blood. At the conclusion of the 


prozedure 








, the patient's cvanosis was markedly 
decreased. Postoperatively, however, consider- 
able bleeding occurred into the pleural cavity, 
the patient developed cardiac arrest and ex- 
pired. Postmortem examination revealed tricus- 
pid atresia, a large atrial septal defect, an ana- 
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tomicallv closed ventricular septal defect of the 
muscular portion, a hypoplastic right ventricle 
and pulmonary trunk, a probe patent left sub- 
clavian-pulmonary artery anastomosis and 

highly developed bronchial artery circulation.?* 


Comment. The survival into adulthood 
of a patient with tricuspid atresia is ex- 


tremely uncommon.” A recent survey of 


the literature by us revealed only 5 pa- 
tients who lived longer than the patient 
reported herein (27 years). 7140719 Only 1 
was pathologically proven,’ and none had 
angiocardiographic studies. The angio- 
cardiographic features by which the diag- 
nosis of tricuspid atresia can be made are 
shown in Figure 8, 4, B and C. These in- 
clude dense opacification of the left atrium 
and left ventricle after a right atrial injec- 
tion of contrast material, with little or no 
opacification of the right ventricle. The 
finding of an unopacified triangular area 1n 
the region usually occupied by the right 
ventricle is fairly characteristic of tricuspid 
atresia and is well seen in this case. The 
source of the opacification of the pulmonary 
artery seen in Figure 88 is not clearly 
identified in this study. Longevity in tri- 
cuspid atresia is related to an optimal 
pulmonary blood flow which, in turn, is 
regulated bv the development of the 
pulmonary trunk and right ventricle, the 
size of the ventricular septal defect, and 
the extent of collateral bronchial circulation. 
Because this patient’s cyanosis returned 
shortly after his subclavian-pulmonary 
artery anastomosis, it is assumed that this 
operation probably did not significantly 
affect his longevity. This patient's pro- 
gressive increase in cyanosis probably was 
caused by the gradual spontaneous closure 
of the ventricular septal defect.” 


TOTAL ANOMALOUS PULMONARY VENOUS DRAINAGE 


Case vu. H.M., N.I.H. No. 03-80-03. This 33 
year old white male was admitted with a his- 
tory of mild cyanosis and a heart murmur since 
early childhood. Except for mild exertional 
dyspnea and fatigue, he was asymptomatic. On 
physical examination there was mild cyanosis 
without clubbing. There was a marked right 
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ventricular lift and a palpable second sound at 
the base which was split and fixed with respira- 
tion. At the left sternal border, the opening 
snap of the tricuspid valve and a late diastolic 
atrial sound were heard. An early systolic ejec- 
tion murmur was heard over the pulmonary 
outflow tract and a continuous murmur was 
heard over the right clavicle. The electrocardio- 
gram revealed right ventricular hypertrophy, 

right axis deviation, right bundle branch block, 

and left atrial hvper trophy. The ena 
was 47 per cent and the resting arterial oxygen 
saturation. was 89.1 per cent. At right heart 
catheterization the pulmonary artery pressure 
was found to be 60/22 with no gradient across 
the pulmonic valve. An interatrial communica- 
tion was easily crossed. Cardiogreen dve curves 
indicated a large right-to-left shunt and a large 
left-to-right shunt at the atrial level. On the 
basis of the cardiac catheterization and the 
angiocardiographic findings (lig. 9, 4 and B), 
the diagnosis was made. Corrective surgery was 
performed by connecting the anomalous pul- 
monary venous trunk to the left atrium and by 
closing the atrial septal defect with a teflon 
patch. The patient was discharged without 
cyanosis 4 weeks postoperatively. 


Comment. Total anomalous pulmonary 
venous drainage 1s an anomaly in which 
all of the pulmonary venous blood drains 
into the right side of the heart. The great 
majority of patients with this abnormality 
die in infancy or early childhood. How- 
ever, In rare cases as with this patient, 
survival into adulthood has occurred if the 
atrial septal defect is large and the pul- 
monary vascular resistance is not too ele- 
vated. t1563 Cvanosis occurs because 
mixed arterial and venous blood is shunted 
from the right atrium through an interatrial 
communication into the systemic circula- 
tion. Angiocardiographically, opacification 
of pulmonary veins which ultimately drain 
into the right atrium, after injection of con- 
trast material into the pulmonary arteries, 
is diagnostic of this entitv. The ท อ อ น 
pulmonary veins may drain into the right 
atrium by way of the pn vena cava, 
as in this case (Fig. 9, 4 and B), directly 
into the right side of the heart? or even 
into veins below the diaphragm, although 
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the patients in whom the drainage is into 
the portal vein die in infancy. T 
angiographic appearance of drainage into 
the right superior vena cava bv wav of a 
persistent left superior vena cava is shown 
in this case. This configuration on plain 
roentgenograms is characteristic of this 
entity and is frequently referred to as “the 
snowman.” 








TRUE TRUNCL 


Case wit. AJ., 
year old Hawaiian female was admitted with 
the history of cyanosis, heart murmur and 
squatting since childhood. One year prior to 
admission she developed dyspnea on exertion, 
ankle edema, and frequent upper respiratory 
infections. Physical examination revealed 
marked cyanosis and clubbing. There was a 
right ventricular lift, a single loud second 
sound, a continuous murmur at the base, and a 
grade 11/ ห 1 systolic ejection murmur along the 
left sternal border. The liver was enlarged and 
was 2 plus ankle edema. The electro- 
cardiogram revealed right axis deviation, right 
ventricular hvpertrophy, and right atrial en- 
largement. The plain roentgenograms of the 
chest demonstrated decreased pulmonary vas- 
cularity, a concavity in the region of the pul- 
monary artery, and a prominent aorta. Sys- 
temic arterial oxygen saturation was 55.2 per 
cent and the hematocrit was 68 per cent. At 
right heart catheterization, the right ventricular 
pressure was 140,65 mm. of Hg and the aortic 
pressure was 140, 5o mm. of Hg. Cardiogreen 
dye curves sampled from the femoral artery 
and injected into the right ventricle and ascend- 
ing aorta revealed a left-sided appearance time 
ith evidence of markedly diminished pul. 
monary blood flow originating from the aorta. 
The cardiac catheterization findings, in con- 
junction. with the angiocardiographic find. 
ings (Fig. 10, 4-D) established the diagnosis. 
Palliative surgery was not felt indicated for this 
lesion. 
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Fic. 9. Case vir, Total anomalous pulmonary venous 
drainage. C4 and B) With injection of contrast 
material into the pulmonary artery (P.A.), opaci- 
fication of a large anomalous central pulmonary 
vein is seen, which opacifies the right atrium 
(R.A.) by way of a persistent left and right 
superior vena cava (arrows). 
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4, B, C and D) With the catheter in the right ventricle 
(R.V.), filling of the left ventricle (L.V.) through a large ventricular septal defect (V.S. D.) is seen. Over- 
riding the septal defect is a single verv large arterial trunk (A) and no evidence of a pulmonary artery 
remnant. The semilunar valvular leaflets (SV) are well seen and are normal, Bronchial arteries (Ba), 
arising from the descending aorta (Ao), can be seen filling pulmonary arteries (P.A) in the left lower 


lung field. 


1G. 10. Case vill, True truncus arteriosus. Type 1v. ( 








Ld 





338 


Comment. Type Iv persistent truncus 
arteriosus is characterized by a single 
arterial vessel arising from the heart with 
absent pulmonary arteries and ductus arte- 
riosus, and with the arterial circulation to 
the lungs derived from the bronchial 
arteries. All of these characteristics are 
demonstrated angiocardiographically in 
Figure 10, 4—D. The types of true truncus 
arteriosus other than demonstrated with 
this case are determined by the origin 
of the pulmonary blood supply.? The ad- 
vanced age of this patient is unique for this 
entity.5153419 The reason that this patient 
survived to the age of 42 years is not 
entirely explained, but apparently the 
bronchial circulation was adequate to sus- 
tain life. The reason for the cyanosis in this 
condition is obvious since, as can be seen in 
the angiocardiograms, the systemic circula- 
tion is derived to a great extent from the 
right ventricle. 


SUMMARY 


Congenital heart disorders, especially 
those associated with cyanosis, are usually 
thought of as childhood diseases. However, 
in some instances, individuals with severe 
cyanotic defects have survived into adult 
life. In order to make the definitive diag- 
nosis in such disorders, angiocardiography 
is essential. The angiographic and hemo- 
dynamic findings and factors influencing 
longevity are presented and discussed in 
8 cyanotic adult patients. Such defects, 
therefore, should be considered in the dif- 
ferential diagnosis of congenital heart dis- 
ease in the cyanotic adult, along with the 
more common malformations. 


S. David Rockoff, M.D. 
Diagnostic X-Ray Department 
National Institute of Health 
Bethesda 14, Maryland 
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By ISRAEL STEINBERG, M.D.,t and STEPHEN M. AYRES, M.D. 
NEW YORK, NEW TORK 


ALPOSITION of the heart into the 

right hemithorax is of considerable 
importance to the radiologist because he is 
often the first to encounter the abnormal- 
itv. Of course, he must first determine 
whether the malposition is real and not ap- 
parent owing to poor positioning or scoliosis 
of the spine. Indeed, the conventional 
roentgenogram of the chest may be very 
revealing and readily demonstrate mirror- 
image dextrocardia, ^ This is classic 
dextrocardia and is almost always associ- 
ated with complete situs inversus and is 
rarely complicated by associated cardio- 
vascular anomalies. In contr ast, dextroro- 
tation or dextroversion of the heart is a 
different entity, morphologically and em- 
brvologically and is not associated with 
situs inversus,”' but is frequently compli- 
cated by other cardiac malformations. 
Whereas the uncomplicated case of dextro- 
rotation may be easy to detect, the major- 
ty require additional studies such as: 
electrocardiography, especially vector elec- 
trocardiographic analysis, angiocardiog- 
raphy, and cardiac catheterization for 
definitive di iagnosis. The radiologist, there- 
fore, is not only in a position to recommend 
such special studies, but he can often 
determine whether dextroposition of the 
heart is caused by adjacent disease of the 
pulmonary parenchyma, pleura, or medi- 
astinal structures. 


MATERIAL AND METHODS 


The data in this paper were compiled 
from a study of several thousand angio- 
cardiographies performed in this center 
during the years 1948 to 1962 (Table 1). 


* From the Departments of Radiology and Medicine, The New York Hospital-Cornell Medical Center, New York, 
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Serial — sd via in tra- 
venous injection ( : 

od'9, was performed i in o ง ก ภา In 3 
instances (Cases 3, g and 26) conventional 
roentgenography and electrocardiography 
were sufficiently characteristic to establish 
the diagnosis of dextrorotation of the heart 
without the need of eas In 
another patient (Case 23) with anomalous 
0 venous drainage, angiocardiog- 
raphy was not performed because explora- 
tory operation was preferred.” 

Usually two injections of contrast mate- 
rial were made for frontal and lateral 
studies; in a few cases, a single injection 
for biplane studv sufficed. In some patients, 
selective angiocardiography was also per- 
formed to better define valvular deform- 
ities and shunts. For the same reasons, 
masy of the patients had cardiac catheter- 
0 rar aerae CE ท ร ac 
oho F ex xamination, Ta makal 
lead electrocardiogr ADI and vector elec- 
trocardiographic determinations, routine 
bloed and urine examinations, and conven- 
tional roentgenographv of the chest in 
dd ก 0 nad pion 
wee, Qu. Panoni Lond an pe a 
phragm had artificial pneumoperitoneum in 
order to better outline the structure (Case 
24). 


RESULTS 
fied i into two groups, on s เก 
there were associated extracardiac or cardi- 
ovascular anomalies (Table 1). The sex 


New York, 
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incidence was almost equal, 26 males and 
23 females. The ages varied from 33 weeks 
to 69 years. Eight patients were Negro, the 


remainder were Caucasian. Among the 
extracardiac lesions were pectus exca- 


vatum, absence of the sternum, absence of 


the pleural reflections, bronchial maltorma- 
tion (especially ' of the nght lung), partial 
absence of lobes of the right lung, bron- 
chiectasis, and eventration of the dia. 
phragm. 

The associated cardiovascular anomalies, 
chiefy involving the great vessels, also 
fell into well-defined groups: congenital ab- 
sence of the right pulmonary artery, hypo- 
plasia of the right pulmonary artery, 


agenesis of the segmental blood supply of 


the right lung, partial absence of segments 
or lobes of the right lung, anomalous pul 
monary venous drainage of the right lung 
into the inferior vena cava, aberrant arter- 
ies from the abdominal aorta connecting 
with the right lower lobe, and corrected 
transposition of the great vessels (Table 1). 
Coarctation and pseudocoarctation of the 
aorta were encountered (Cases 247^ and 
3777). The intracardiac shunts were atrial, 
ventricular and atrioventricular (ostium 
primum). A patent ductus arteriosus and 
ventricular septal defect were present in 1 
patient (Case 35). Cases 47, 48, and 49 
were unique in that, in addition to dextro- 
rotation, there were dextrocardia and cor- 
rected transposition. A similar 
dextrorotation, dextrocardia, and corrected 
transposition in which there was a success- 
ful repair of an atrial septal detect and 
pulmonary stenosis was recently reported 
in the literature." 

Normally, on frontal roentgenograms, 





the right atrium forms the right border of 


the cardiac shilhouette, the right ventricle 
occupies three-fifths of the diaphr agm, and 
the left ventricle lies over the remaining 
two-fifths of the diaphragm and forms the 
left border of the cardiac contour.’ In 
dextrorotation unaccompanied by associ- 
ated cardiovascular malformations, the 
longitudinal plane of the heart forms an 
angle of 30° to 45° with the sagittal plane 
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lic. 
อ 2 . y aded oe 
sociated cardiovascular anomalies. (4) Conven- 
tional teleroentgenogram showing prominence of 
the right upper cardiac silhouette which was mis- 
taken for a mediastinal tumor. 


1. Case 1. Dextrorotation of the heart without as- 


of the thorax in the transverse plane of the 
body. This may be simulated by turning a 
patient with a normally placed heart into 
the E M a 0 The a 


ilie Gei EE aud! swinging due to 
the right in the frontal plane (in pendulum 
fashion). As a result of such rotation, the 
two ventricles are seen to lie side by side; 
the right ventricle instead of being the 
anterior ventricle has actually become the 
“right” ventricle and the left ventricle is 
now the "left" ventricle instead of the 
posterior ventricle. The position of the 
atria is almost normal; the right atrium is 
posterior to the right ventricle, the superior 
vena cava is more medial and the left 
atrium is slightly anterior to the right 
atrium. The great vessels arise normally 
but the rotation to the right opens the loop 
between the ascending and descending 
aorta, while the main pulmonary arterv is 
displaced medially (Fig. 1, 4-E; and 2, 
A-F) (See page 346 for Fig. 1, B-E.) 
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Case Age 
No. (yr.) 
(A) Extracardiac 
1 19 
2 4i 
3 21 
4 10 
5 4 
6 1g 
7 8o 
8 47 
9 45 
10 59 


Sex Associated Anomahes and Disease 

Anomalies 

M None 

F Pectus excavatum 

M None 

F Congenital absence of manubrium 

1 Absent right upper lobe (Fig. 28); 
agammaglobulinemia 

F None 

F None 

M  Eventration of left diaphragm 

M  Eventration of left diaphragm 

F Acquired rheumatic heart disease 
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ANGIOCARDIOGRAPHIC FINDINGS IN DEXTROROTATION OF THE HEART 


with mitral stenosis and left pleural 
effusion (Fig. 4.7) 


(B) Cardiovascular Anomalies 


II 3i 
132 232 
13 14 
14 48 


M 


Ly 


Absent right pulmonary artery; 
malformation (bud-lke} of termi- 
nal bronchi of right lung 


Absent right pulmonary artery; 
right pulmonary artery arising 
from descending aorta; and mal- 
formed bronchi of right lung with 
bronchiectasis (Fig. 6, B and C) 


Hypoplastic right pulmonary ar- 
tery; systemic arteries from ab- 
dominal aorta into right lower lobe 


Hypoplastic right pulmonary ar- 
tery 


Findings 


Classic features of uncomplicated 
dextrorotation (Fig. 1, B, C, D and 
E) 


Uncompheated dextrorotation 


Not done because conventional 
chest roentgenogram and electro- 
cardiogram showed classic dextro- 
rotation 


Classic uncomplicated dextrorota- 
tion 


Classic uncomplicated dextrorota- 
tion (Fig. 2, C, D, E and Fj 


Minor degree of dextrorotation 
(Fig. 3, 4 and B), sometimes re- 
ferred to as mesorotation 


Classic uncomplicated dextrorota- 
tion 


Dextrorotation of heart and great 
vessels 


Not done 


Dextrorotated right ventricle and 
pulmonary artery (Fig. 48) with 
large dextrorotated left atrium 
and ventricle (Fig. 4C) 


Absent right pulmonary artery 
with dextrorotation of heart (Fig. 


5B) l 


Hypoplastic right pulmonary ar- 
tery (Fig. 6D); systemic right pul- 
monary artery from descending 
aorta (Fig. 6£) 


Classic dextrorotation of heart; hy- 
poplastic right pulmonary artery 
(Fig. 7, B and C); anomalous ar- 
teries from abdominal aorta into 
night lower lobe (Fig. 7D) 


Uncomplicated dextrorotation with 
hypoplastic right pulmonary artery 


Remarks 
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Classic features of dextrorotation 
the heart in a patient without ot. 
anomalies; referred because rii 
mediastinal tumor was suspec 
after routine roentgenogram (F 
14) 


Systolic murmur and  abnor: 
heart position led to studies; card 
catheterization normal 


Referred because of unusual card 
position 


Roentgenoscopy showed unusua 
pulsatile descending aorta (p 
viously published?) 


Bronchogram showed absence 
right upper lobe (Fig. 2B) 


Referred because of systolic card 
murmur and prominent pulsat 
pulmonary artery 


Referred because of dextroposit 
of heart 


Roentgenogram 


lished? 


previously pi 


Classic findings on conventio 
roentgenogram and electrocard 
gram made angiocardiography 1 
necessary 


Closed heart operation (valvu 
plasty) followed by improveme 
cardiac chambers still dextrorota: 
after aspiration of left pleural fl 
(Fig. 4D) 


Referred because of recurrent pm 
monia of right lung; mediasti. 
hermation (Fig. 5.7) mistaken 
atelectatic right upper lobe 


Developed asthmatic attacks; p 
monary function studies show 
bronchiolar obstruction; card 
catheterization disclosed mild | 
pulmonary hypertension — (33; 
mm, Hg) after exercise 


Ligation of anomalous arteries fr 
aorta resulted in disappearance 
dyspnea (previously published) 


Referred because of meager rij 
upper lobe vasculature and rig 
sided cardiac position 
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Dextrorotation of the Heart 


Tang I (Continued) 


Associated Anomalies and Disease 


Hypoplastic right pulmonary ar- 
tery 


Absent right upper lobe; mal- 
formed bronchi of right lung; hy- 
poplastic right pulmonary artery; 
bronchial asthma 


Anomalous drainage of right pul- 
monary veins inte inferior vena 
cava; persistent left superior vena 
cava; hypoplastic right pulmonary 
artery 


Anomalous drainage of pulmonary 
veins of right lung into inferior 
vena cava; hypoplastic right pul- 
monary artery; systemic arteries 
from aorta into right lower lobe; 
malformed right bronchi (Fig. 9.7) 


Anomalous drainage of right pul- 
monary veins into inferior vena 
cava and hypoplastic right pul. 
monary artery 


Anomalous pulmonary — venous 
drainage of right pulmonary veins 
into inferior vena cava; hypoplasia 
of right pulmonary artery 


Anomalous drainage of right pul- 
monary veins info inferior vena 
cava; hypoplastic right pulmonary 
artery; distorted right pulmonary 
arterial segments 


Anomalous pulmonary — venous 
drainage of right lung into inferior 
vena cava; hypoplastic right pul- 
monary artery 


Anomalous pulmonary — venous 
drainage into inferior vena cava; 
hypoplastic right pulmonary. ar- 
tery; eventration of right dia- 
phragm; —pleuropericardial ad- 
hesions 


Anomalous right pulmonary ve- 
nous drainage into inferior vena 
cava; hypoplasia of right pulmo- 
nary artery; eventration of right 
diaphragm; diaphragmatic and 
pericardial adhesions; coarctation 
of aorta 


Anomalous right pulmonary ve- 
nous drainage into inferior vena 
cava; hypoplastic right pulmonary 
artery; probable atrial septal de- 
fect 


Findings 
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Hypoplastic right pulmonary ar- 
tery and dextrorotation 


Dextrorotation of heart and great 
vessels 


Dextrorotation of heart; hypoplas- 
tic right pulmonary artery and left 
superior vena cava (Fig. 8); anom- 
alous drainage of right pulmo- 
nary veins into inferior vena cava 
(Fig. 8€) 


Dextrorotation of heart; hypoplas- 
tic right pulmonary artery (Fig. 
9H); anomalous drainage of right 
pulmonary veins into inferior vena 
cava and abdominal — aortic 
branches to right lower lobe (Fig. 
9, C and D) 


Dextrorotation; hypoplasia of 
right pulmonary artery; anomalous 
drainage of right pulmonary veins 
into inferior vena cava 


Dextrorotation; hypoplasia of right 
pulmonary artery; | anomalous 
drainage of right pulmonary veins 
into inferior vena cava 


Dextrorotation; hypoplasiaof right 
pulmonary artery with distorted 
segmental blood supply 


Anomalous pulmonary — venous 
drainage of right lung into inferior 
vena cava; dextrorotation 


Angiocardiography recommended 
but exploratorv operation of right 
thorax done because of "mass" in 
right chest 


Dextrorotation of heart; anomalous 
right pulmonary venous drainage 
into inferior vena cava; hypoplasia 
of right pulmonary artery; coarcta- 
tion of aorta 


Dextrororation of heart; anoma- 
lous pulmonary artery into inferior 
vena cava; hypoplastic right pul- 
monary artery; probable atrial sep- 
tal defect 





Remarks 
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Referred because of "dextrocardia" 


Prominent pulmonary artery found 
to be due to dextrorotation; wheez- 
ing caused by bronchospasm 


Conventional roentgenogram (Fig. 
8.7) showed classic features of dex- 
trorotation of heart and anomalous 
pulmonary veins of right lower lung 


Chief complaints were recurrent in- 
fections of right lung 


Asymptomatic; studied because of 
unusual conventional roentgeno- 
gram of chest (previously pub- 
lished’) 


Unusual roentgenogram of chest and 
roentgenoscopy suggested anomi- 
lous pulmonary venous drainage 
(previously published?) 


Asymptomatic; abnormal routine 
conventional roentgenogram sug- 
gested anomalous pulmonary venous 
drainage (previously published”) 


Asymptomatic; abnormal right lung 
vasculature and cardiac rotation led 
to request for angiocardiographic 
study (previously published’) 


Operation established presence of 
anomalous pulmonary venous drain- 
age of right lung into inferior vena 
cava, eventration of diaphragm, 


and  pleuropericardial adhesions 
(previously published?9) 
Pneumoperitoneum established 


diagnosis of eventration of right 
diaphragm; exploratory operation 
of right hemithorax corroborated 
angiocardiographic findings; coarc- 
tation was not repaired (previously 
published} 


Electrocardiographic changes (right 
axis deviation and incomplete bun- 
dle branch block) suggested atrial 
septal defect, but cardiac catheter- 
ization was refused by the patient 
because he was asymptomatic (pre- 
viously published'$) 
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Anomalous right pulmonary venous 
drainage into inferior vena cava 


Pulmonic stenosis; ventricular sep- 
tal defect (tetralogy of Fallot); 
scoliosis of spine 


Persistent left superior vena cava; 
ostium primum 


Ostium primum 


Atrial septal defect 


Pulmonic stenosis; atrial septal 
defect with right-to-left shunt 


Ventricular septal defect 


Ostium primum; mitral insuffici- 
ency; mild tricuspid stenosis; per- 
sistent left superior vena cava 


Pulmonic stenosis; hypoplastic 
right pulmonary artery; ventricu- 
lar septal defect; anomalous arter- 
ies of abdominal aorta into right 
lower lung; synostosis of ribs; hemi- 
vertebrae 


Patent ductus arteriosus; ventricu- 
lar septal defect; 17-18 trisomy 
syndrome 


(a) Corrected Transposition 


36 
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22 
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Corrected transposition; tetralogy 
of Fallot 


Corrected transposition; eventra- 
tion of left diaphragm; pseudoco- 
arctation of aorta 


Corrected transposition; ventricu- 
lar septal defect; pulmonary atresia 





Findings 


None 


Dextrorotation of heart; pulmonic 
stenosis; ventricular septal defect 


Dextrorotation of heart; lefr-to- 
right shunt at atrioven tricular level 


Dextrorotation of heart; left-to- 
right shunt at ventricular level 


Dextrorotation; huge right ven- 
tricle, pulmonary artery and 
branches; left-to-right shunt at 
atrial level 


Atrial septal defect with right-to- 
left shunt and pulmonic stenosis 


Left-to-right shunt due to ventricu- 
lar septal defect and cardiac cham- 
ber enlargement owing to heart 
failure 


Left superior vena cava and left- 
to-right shunt at ventricular level 


Pulmonic valvular stenosis; hypo- 
plastic right pulmonary artery; 
anomalous abdominal aortic 
branches to right lower lobe 


Blanching sign in left pulmenary 
artery with left-to-right shunt; re- 
opacification of right cardiac struc- 
tures and left pulmonary artery; 
ductus also visualized via retro- 
grade aortagraphy 


Pulmonic valvular stenosis; ven- 
tricular septal defect; corrected 
transposition 


Dextrorotation; corrected trans- 
position; pseudocoarctation 


Corrected transposition; dextroro- 
tation; pulmonary atresia; ven- 
tricular septal defect 
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Classic dextrorotation of heart and 
anomalous pulmonary venous drain- 
age pattern into inferior vena cava 
seen on conventional roentgenogram 
(Fig. 10); laminectomy for cervical 
spondylosis prevented angiocardio- 
graphic studies 


Refused cardiac catheterization 


Cardiac catheterization clearly 
demonstrated left-to-right shunt at 
atrioventricular level 


Vector electrocardiography and car- 
diac catheterization favored diag- 
nosis of ostium primum 


Referred because of huge heart in 
right thorax; had greatly calcified 
pulmonary arteries 


Referred because of enlarged heart 
and murmurs: conventional rcent- 
genograms and angiocardiograms 
recently published? 


Autopsy following cardiac arrest 
during banding of pulmonary artery 
confirmed angiocardiographic find- 
ings 


Cardiac catheterization showed bi- 
directional shunting at atrioventric- 
ular level 


Cyanotic since birth; died 3 mo. 
later; autopsy confirmed angio- 
cardiographic findings 


Patent ductus arteriosus ligated on 
2/26/65; patient doing weli 


Died at age 16 years, no autopsy: 
cardiac catheterization established 
ventricular septal defect and pub 
monic stenosis 


Asymptomatic; — pre-employment 
roentgenogram was followed by 
angiocardiography (previously pub- 


lished”) 


Angiocardiographic findings con- 
firmed at autopsy (previously pub- 
lished’) 
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Findings 
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lar septal defect; patent foramen 
ovale 


Normal-sized cardiac chambers in 
classic corrected transposition (Fig. 


i1, B and C) 


Dextrorotation; pulmonary atres- 
ia; corrected transposition 


Corrected transposition; pulmonic 
valvular stenosis; dextrorotation 


Mild dextrorotation; classic cor- 
rected transposition 


Classic dextrorotation; corrected 
transposition (Tig. 12, B, C, D and 


Dextrorotation of heart; corrected 
transposition; large long-opacified 
left atrium 


Classic corrected transposition with 
right-to-left shunt at ventricular 
level; pulmonic stenosis 


No (ur Sex Associated Anomalies and Disease 

39 4 F Corrected transposition 

40  3da. M Corrected transposition; pulmo- 
nary atresia; atrial septal defect 

41 14 M — Corrected transposition; mild pul- 
monic stenosis; complete heart 
block 

41 6 M Corrected transposition 

43 16 M — Corrected transposition; mild sub- 
valvular pulmonic stenosis; atrial 
septal defect E) 

44 14. M 6 Corrected transposition with “mi- 
tral” stenosis; cardiac arrythmia 
ishifting pacemaker with heart 
block} 

4$ 9 F Corrected transposition; pulmonic 
stenosis; ventricular septal detect 
(tetralogy of Fallot) 

46 5 M . Corrected transposition; ventricu- 


Dextrorotation of heart; large right 
ventricle, pulmonary artery, and 
left atrium (Fig. 13, B, C, D and Æ) 


(b) Dextrocardia, Corrected Transposition, and Situs Inversus 


47 


49 


6 F 


16 


Dextrocardia; corrected transposi- 
tion; atrial septal defect; pulmo- 
nary stenosis; situs in versus 


Corrected transposition; situs In- 

: e D : s 
versus; persistent "left" superior 
vena cava 


Dextrocardia; corrected transposi- 
tion; bilateral superior venae cavae 
with right draining into left atrium; 
pulmonary valvular stenosis; situs 
inversus 


Dextrorotation; dextrocardia; cor- 
rected transposition 


Left superior vena cava; large pul- 
monary artery; corrected trans- 
position; dextrocardia 


Dextrocardia; corrected transposi- 
tion; pulmonic stenosis; right su- 
perior vena cava draining into left 
atrium and left superior vena cava 
draining into right atrium 


Referred because of heart murmur 
after birth 


Cyanotic and dyspneic patient died 
suddenly at home 2 wk. after study; 
no autopsy 


Intra pericardial-aortopulmonary 
shunt improved patient 


Murmurs on physical examination 
led to study 


Atrial septal defect repaired; pul- 
monic valve explored and found nor- 
mal; mild subvalvular pulmonic 
stenosis did not require surgery; do- 
ing well—2 year follow-up 


Died suddenly at home, no autopsy; 
stenosis of systemic atrium equiva- 
lent to a “left-sided” Ebstein's 
anomaly of tricuspid valve 


Cyanotic since birth; operation ad- 
vised 


Pulmonary artery could not be 
catheterized but a ventricular septal 
defect and a patent foramen ovale 
were demonstrated 


"Levocardia"; when roentgenogram 
was reversed, appeared as dextro- 
rotation 


Severely cyanotic and dyspneic; 
improved after aortico-pulmonary 
artery (Blalock-Taussig) shunt 
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The degree of frontal plane displacement 
raries from mild rotation in a case un- 
associated with cardiac anomalies (Fig. 3, 
4 and B) to marked displacement (Fig. 4, 
A-D) such as in a patient with enlargement 
of the heart due to acquired rheumatic 
heart disease and mitral stenosis. Dextro- 
rotation of the heart, acquired mitral 
stenosis, persistent left superior vena cava, 
and an absent left kidney were also recently 


reported by Schreiner and Lyons.? How- 
ever, some patients with normally sized 
hearts may have so little right-sided dis- 
placement in the frontal view, although the 
ventricles lie side by side in the transverse 
plane, that the term mesorotation has been 
used? Actually, it is a lesser degree of 
dextrorotation. 

Fighty per cent of the patients in this 
series had associated cardiovascular anom- 
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Fic. 1. (4) Frontal teleangiocardiogram revealing mild dextrorotation of the right atrium and ventricle. 
i 


The pulmonary artery is medially placed. (C) Tracing of B. (D) Frontal tel sangiocardiogram 
showing dextrorotation of the left atrium, ventricle 





, and aorta. The ventricular septum is perpendicular 
to the frontal plane and displaced to the right. The aorta is unfolded--as in the left anterior oblique 
) Tracing of D. 
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Fic. 2. Case 5. Dextrorotation of the heart without associated cardiovascular anomalies, but with absence of the 
right upper lobe. (/4) Conventional teleroentgenogram showing unusual prominence of the right cardiac 
silhouette. (B) Bronchogram demonstrating congenital absence of the right upper lobe. 


alies (Table 1). Congenital absence of the 
right pulmonary artery was present in 2 
patients (Cases 11 and 12) (Fig. 5, 4 and 
B; and 6, A-E). In both, abnormalities of 
the right bronchial tree were present (Fig. 
6, B and C). One of these patients also had 
a large right pulmonary artery (bronchial) 
arising from the descending thoracic aorta 
(Fig. 6). Hypoplasia of the right pul- 
monary artery as an isolated associated 
lesion was noted in 2 instances (Cases 14 
and 15), but more commonly a hypoplastic 
right pulmonary artery was associated with 
other anomalies such as aberrant arteries 
from the abdominal aorta into the right 
lower lobe (Case 13) (Fig. 7, B, C and D) 
and anomalous pulmonary venous drainage 
of the right lung into the inferior vena 
cava. The latter abnormality was found in 
1 ๐ patients, with and without aberrant 
arteries from the abdominal aorta (Cases 
17 to 26) (Fig. 8 through 10, inclusive).?*?6 
Dextrorotation rather than dextroposition 
of the heart was noted in these cases 
despite recent reports to the contrary?! 

In 13 patients, dextrorotation of the 
heart was associated with corrected trans- 
position. *? In the latter condition, the 


aorta arises anteriorly and lateral to the 
posterior and medial pulmonary artery; the 
ascending aorta produces a prominent 
shadow along the left upper cardiac border 
and hilus. It then turns mediallv and de- 
scends normally (Fig. 11 through 13, 
inclusive). This orientation. of the great 
vessels is usuallv associated with ventricu- 
lar inversion (the venous ventricle is a 
morphologic left ventricle and has a bi- 
cuspid atrioventricular valve; the arterial 
ventricle is a morphologic right ventricle 
with tricuspid valve). When cardiac cham- 
ber enlargements exist because of septal 
and/or valvular defects, the changes are 
even more striking (Fig. 13, 4-£). 

In 3 patients (Cases 47 to 49), the triad 
of mirror-image dextrocardia and situs 
inversus, corrected transposition of the 
great vessels, and dextrorotation was pres- 
ent. In the last patient (Case 49) anoma- 
lous drainage of the right superior. vena 
cava into the left atrium, pulmonic steno- 
sis, and a ventricular septal detect were also 
present. The basic pattern of mirror- 


left, apex on the right) was complicated by 
rotation in the frontal and transverse 


e 


E 


348 Israel Steinberg and Stephen M. Ayres FEBRUARY, 1964 





Vic. 2. (C) Frontal angiocardiogram revealing that the dextrorotated right atrium and ventricle are responsi- 
ble for the prominent right border of the cardiac silhouette. (DE rontal angiocardiogram demonstrating 
left cardiac chamber dextrorotation and unfolding of the aorta. (E) Lateral (biplane of C) angiocardio- 
gram of the right heart chambers and pulmonary arterial system. (F) Lateral (biplane of D) angio- 


cardiogram of the left atrium, ventricle, and aorta. 


plane, tvpical of dextrorotation. Since the DISCUSSION 
ณ์ 1 heart mirror-image dextrocardia Dextrorotation is a morphologic entity 


was actuallv rotated to the left (the oppo- produced bv a specific defect in embryo- 
site of dextrorotation in a normally situ- — genesis. During the sixth week of fetal life, 
ated he: irt), this anomaly should corre Setly the heart t begins to attain its mature ex. 
be termed mirrior-image dextrorotation ternal configuration and descends from the 
with levorota tion. or "levocardia.' ' The cervical r« egion to its permanent loc: ation in 
understanding of this anomaly is en. the thorax. At the same time it rotates 
hanced if the chest roentgenogram is into the left hemithorax. Important changes 
reversed; the mirror-image dextrocardia is then occur. The spiral conotruncal septu m 
then eliminated and the cardiac silhouette separates the pulmonary artery from the 
resembles dextrorotation with corrected aorta and the primitive bulbus becomes 
transposition in a normally situated heart absorbed into the right ventricle, the 
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Case 6. 


Fig. 3. 
showing a mild degree of dextrorotation; the medially placed pulsatile pulmonary artery simulates pul. 
monary artery enlargement. (8) Frontal angiocardiogram showing the mildly dextrorotated left heart 


structure. This mild degree of dextrorotation has been termed mesorotation. However 


degree of dextrorotation. 


ventricular and atrial septa become differ- 
entiated, the sinus venosus and systemic 
veins become part of the right atrium, and 
the pulmonary veins unite with the left 
atrium. In addition, the splenic anlage is 
formed, the septum transversum reaches its 
definitive position. and unites with the 
pleuroperitoneal membrane to form the 
diaphragm, the cartilaginous sternum de- 
velops, and the primitive lung buds sub- 
divide into the bronchial tree. This cluster 
of important embryonic events between the 
sixth and eighth weeks of fetal life makes 
this period an especially vulnerable time for 
the occurrence of multiple congenital 
anomalies. A teratogenic agent acting at 
this time may prevent the primitive heart 
from reaching its definitive position in the 
left hemithorax, thus producing cardiac 
and extracardiac malformations.’ 

These developmental considerations sug- 
gest that the extracardiac anomalies fre- 
quently seen in dextrorotation may not be 
mechanical causes of malrotation but rather 
are associated malformations probably re- 
sulting from the same teratogenic insult. If 


Dextrorotation without associated cardiovascular. anomalies. 


(4) Frontal angiocardiogram 


, itis merely a minor 


these extracardiac defects were mechanical 
causes of dextrorotation, then malrotation 
would be more commonly found in patients 
with these defects. Dextrorotation, how- 
ever, is only rarely seen with pectus exca- 
vatum and is not too frequent 1n cases of 
eventration of the diaphragm. Dextrorota- 
tion has been observed with eventration of 
either the left or right diaphragm. Ir is 
dificult to see how defects could produce an 
identical malrotation of the heart on a 
solely mechanical basis? 

Spitzer?! pointed out in 1923 that trans- 
position of the great vessels was common in 
dextrorotation. Grant! confirmed this and 
demonstrated that this was not the passive 
result of the rotation since this would have 
opened the aortic loop. Arcilla and Gasul,? 
however, felt that transposition was usu- 
allv เท ก เอ ไจ diagnosed in this anomalv 
and suggested that the aorta always origi- 
nated to the left and anterior to the pul. 
monary artery in dextrorotation. Ten pa- 
tients in the present series and one Illus- 
trated by Grant had the conotruncal 
anomaly, first described by Rokitansky and 
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Lic. 4. Case 10. Dextrorotation of the heart in a patient with rheumatic mitr onventional 
teleroentgenogram showing an enlarged heart extending well into the right hemithorax. The left pleural 
cardiac displacement (dextroposition). (5) Frontal 

angiocardiogram enlarged right heart structures are dextrorotated. (C) When the left 
heart was visualized, the large left atrium, the ventricle, and aorta were also dextrorotated. (D) Post- 
operative frontal roentgenogram after mitral valvulotomy showing drainage of the left pleural efusion 
by a tube in the pleural cavity but the heart remains in the dextrorotated position, proving that the 
| 


eft pleural effusion was not the cause of the cardiac shift into the right hemithorax. 
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Fic. g. Case 11. Dextrorotation of the heart 
associated with congenital absence of the 
right pulmonary artery. (A) Frontal 
roentgenogram showing widening of the 
right hilus and mediastinum. The right 


lung is smaller than the left and the right pulmonary vasculature is absent. (B) Frontal angiocardiogram 
revealing dextrorotation of the heart structures and congenital absence of the right pulmonary artery. 


more recently by Anderson, Lillehei and 
Lester’ as corrected transposition of the 
great vessels. The important differential 
point is evident on the frontal angiocardio- 
gram; with a normal aortic root, the loop is 
wide and the ascending aorta arises con- 
vexly to the right (Fig. 1, D and E). In cor- 
rected transposition the ascending aorta 
arises convexly to the left and forms a 
prominent portion of the left upper cardiac 
border and hilus (Fig. 11C, 12C, and 13C). 
An explanation for the common association 
of corrected transposition and dextrorota- 
tion mav be found in the theorv of de la 
Cruz and associates, who have postulated 
that corrected transposition in a normally 


Fic. 6, Case 12. Dextrorotation of the heart associated 
with congenital absence of the right pulmonary 
artery, right. pulmonary artery (bronchial artery) 
arising from the descending aorta, and malforma- 
Hon and bronchiectasis of the right lung bronchi. 
(4) Conventional teleroentgenogram showing the 
malposition of the heart into the right hemithorax, 
right mediastinal herniation, and markedly de- 
creased right lung and vasculature, 


situated heart results from complete in- 
version of the bulbo-ventricular loop and 
failure of the loop to rotate into the right 
hemithorax. They suggest that if the in- 
verted loop rotates into the right hemi- 
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Vic. 6. CB) Frontal bronchogram demonstrating the deformed right bronchial tr 
upper lobe. (C) Oblique bronchogram better revealing th 
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(D) Front: 
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seen arising from the d 








thorax, dextrorotation and corrected trans- 
position result. If this explanation is cor- 
rect, then the combined defect of dextroro- 
tation and corrected transposition results 
from a teratogenic agent acting on the em- 
bryonic heart before the straight cardiac 
tubes develop the sigmoid twist (third week 
of fetal life). 


left side of the heart was opacihec 
scending portion of the aorta (arrow). 


>with bronchiectasis of th 
ed right bronchial system. 








: deformed and diseas 


| angiocardiogram disclosing dextrorotation of the heart and congenital absence of the right 


l a large trunk (bronchial artery) was 





Despite the many and confusing classifi- 
cations of dextrocardia,? the differentiation 
of dextrorotation from dextrocardia 1s usu- 
ally not difficult. In this report the classifi- 
cation of right-sided hearts is simplified. 
Dextrorotation is defined as a morphologic 
entity and the associated thoracic deformi- 
ties are considered to be part of the mal- 
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Fic. 7. Case 13. Dextrorotation, hy poplastic right pulmonary artery, and systemte arteries from the abdominal 
aorta inserting into the right lower lob ) Frontal teleroentgenogram showing a dense right hemithorax. 
(B) Frontal angiocardiogram show xtrorotation of the right heart chambers, The superior vena 
cava and pulmonary artery are also rotated towards the right hemithorax. (C) The hypoplastic left 
pulmonary artery and the distortion and meagerness of the right pulmonary arterial tree are evident. (D) 
When the left ventricle and aorta were opacified, three arteries (lower arrows) from the abdominal aorta 
drained into the right lower lobe. L 
markedly unfolded owing to dextrorotation of the cardiovascular structure; LV 
(Reproduced by permission from the American Journal of Surgery. 
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Fic. 8. Case 17. Dextrorotation with anomalous 
pulmonary venous drainage of the right lung 
into the inferior vena caza and. persistent left 
superior vena cava, (d) Conventional tele- 
roentgenogram of a markedly rotated heart 
into the right hemithorax. Note that the 
right pulmonary vasculature is decreased 
sive for a large trunk behind the right 
border of the heart and near the cardio- 
phrenic angle (arrow). (B) Frontal angio- 
cardiogram showing a left superior vena 
cava draining into the coronary sinus. 
There is marked dextrorotation of the right 
atrium, ventricle, and pulmonary artery. 
The right pulmonary arterial system is 
hypoplastic. (C) When the left heart struc- 
tures areopacified, the anomalous pulmonary 
venous drainage of the right lung into the 
inferior vena cava and the plethoric and 
reopacified left pulmonary artery and 
branches are seen. 











formation. In the classic case of dextrocar- 
dia, there is associated complete situs in- 
versus; the location of the stomach bubble 
under the right diaphragm is a valuable aid 
in diagnosis." This can be confirmed by 
remembering that the cardiac silhouette in 
dextrocardia is a perfect mirror-image and 
that if the chest roentgenogram is reversed 
or the patient is roentgenoscoped from the 
back, fe., posteroanteriorly, completely 
normal relationship will be demonstrated. 
Angiocardiography needs rarely to be per- 
formed in patients with dextrocardia. Only 


Israel Steinberg and Stephen 


3 patients 


i 








with complicating rheumatic 
heart disease and mitral stenosis have been 
studied angiocardiographically in this cen- 
ter.*? 

Figure 14, Æ D illustrates such a case, in 
which differentiation of dextroposition from 
dextrorotation (dextroversion) of the heart 
was made (Case 10). A patient with left- 
sided pleural effusion complicatingrheumat- 
ic heart disease and mitral stenosis showed 
marked malrotation of the heart into the 
right hemithorax (Fig. 4.7). However, 
angiocardiography demonstrated dextro- 
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. Dextrürolation with anomalous pulmonary venous drainage of the right lung into the inferior vena 
caca, hypoplastic pulmonary artery, systemic arteries from abdominal aorta to right lower lobe, and malformation 
of the right bronchial tree. (A) Frontal right bronchogram showing bizarre malformations of the right 
bronchial tree, (5) Frontal angiocardiogram showing pronounced dextrorotation of the heart and hypo- 
plasia of the right pulmonary artery. (C) When the left heart structures were opacified, an anomalous vein 
draining into the inferior vena cava and a series of arteries (arrow) from the abdominal aorta into the 
right lower lobe were demonstrated. (D) Intravenous abdominal aortogram showing the anomalous 
branches from the abdominal aorta (arrow). 
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í xtrorotation with corrected 
transposition. (A) Conventional teleroent- 
genogram showing displacement of the 
heart towards the right hemithorax and 
prominence of the left upper hilus shadow. 
(B) Frontal angiocardiogram revealing the 
characteristic features of dextrorotation of 
the heart with a centrally placed pulmonary 


artery and branches. 


bigs. Fix Case 20. | 

















Phe venous right heart 
chamber has the contour of a "left" ven- 
tricle. (C) Left heart frontal angiocardio- 
gram showing the trabeculation of the left 
entricle which has the appearance of a 

ascending and 


night’? ventricle. Both the 
descending portions of the aorta lie along the 
left borde 
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lic. 10. Case 2h. Conventianal rocntgenogram show- 
ing dextrorotation and the classic features of anom- 
alous pulmonary venous drainage of the right lung 
tito the inferior vena cava. Frontal teleroentgeno- 
gram shows malrotation of the heart into the right 
hemithorax, a large vascular trunk near the right 
cardiophrenic angle, plethoric vasculature of an 
overdistended left hing, and poor vasculature of a 


net 
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hypop.astic right lung. 
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rotation of the heart in addition to mitral 
valvular disease (Fig. 4, B and C). Al- 
though mitral valvulotomy and drainage of 
the left pleural effusion were carried out 
(Fig. 4D), roentgenograms still. demon- 
strated the heart in the dextrorotation posi- 
tion, proving that the left pleural effusion 
was not the cause of the malrotation. 

Not all patients with congenital absence 
of a main branch of the pulmonary artery 
have dextrorotation of the heart. ^???» A 
patient with congenital absence of the left 
pulmonary artery was recently observed 
(Fig. 12, Æ, B and C) but no dextrorota- 
tion was present. In cases of congenital 
absence of a main branch pulmonary ar- 
tery, it is important to study the bronchi 
because congenitally malformed, partially 
absent, and bronchiectatic bronchi are not 
uncommon in this anomaly (Case 12) (Fig. 
6, Zand B). Anomalous pulmonary venous 
drainage of the right lung into the inferior 
vena cava is also commonly associated with 
congenitally malformed, partially absent, 
or infected bronchi (bronchiectasis) (Case 
18) (Fig. 9.7).59?*"75 Accordingly, even 
though patients with dextrorotation of the 
heart do not have respiratory complaints, 
bronchographic studies should be done 
routinely. For instance, in Case 5 (Fig. 2B) 
bronchography was performed after dex- 
trorotation of the heart was demonstrated 
and revealed congenital absence of the 
right upper lobe. Of course, bronchography 
is mandatory when there are respiratory 
complaints. Two patients (Cases 12 and 16) 
(Fig. 6, B and C) were found to have con- 
genitally abnormal and secondarily infected 
bronchi. 

When eventration of the left diaphragm 
is found, it is unwise to assume that the 
cardiac displacement is dextropositional."? 
Two patients 1n this series with anomalous 
pulmonary venous drainage of the right 
lung into the inferior vena cava also had 
eventration of the right diaphragm (Cases 
23 and 24). In both patients an exploratory 
operation of the right hemithorax was per- 
formed; in the first case because a tumor 
mass was suspected,™ in the other to cor- 
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Vic. 12. Case 43. Dextrorotation, corrected transposi- 
Hon, atrial septal defect, and mild. subpulmonic 


stenosis. (A) Conventional teleroentgenogram 
showing the left branch of the pulmonary artery 
in the left hilus; the aorta is obscured. 


rect the eventration of the diaphragm so 
that the right lung could be collapsed in 
preparation for repair of the coarctation of 
the aorta." The operative findings con- 
firmed those of the roentgenographic stud- 
ies and in both instances the exploratory 
Operations were unnecessary. 

Two patients in this series had bronchial 
asthma (Cases 12 and 16). Case 12 (Fig. 6, 
A-E) had congenital absence of the right 
pulmonary artery and a congenitally mal- 
formed and bronchiectatic right bronchus. 
Case 16 had absence of the right upper lobe 
and hypoplasia of the right pulmonary 
artery. Both patients had reduced pul- 
monary function due to bronchospasm. 
Fortunately, both patients obtained relief 
with bronchodilators. 


SUMMARY AND CONCLUSIONS 


The roentgen finding of malrotation of 
the heart into the right hemithorax is of 
considerable clinical significance. Dextro- 
position, displacement of the heart into the 
right hemithorax, is usually easy to detect 
because adjacent disease of the lung, pleura 
or diaphragm can often be recognized at a 
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Fic. 12. (B) Frontal angiocardiogram showing the pronounced dextrorotated right heart structures and the 
enlarged medially placed pulmonary artery. (C) The left cardiac chambers are also dextrorotated but 


the aorta descends along the left border of the spine and there is little unfolding. (D) The lateral 


c! 








ร แม 


angiocardiogram of the right heart structures demonstrates the classic "right" ventricular pattern of the 
venous ventricle; the enlarged pulmonary artery is medial (biplane angiocardiogram of B). (£) Biplane 
angiocardiogram of C revealing the "left" ventricular appearance of the systemic ventricle. The aorta is 
anterior to the pulmonary artery. 
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glance. Similarly, mirror-image dextro- 
cardia can also be diagnosed because there 
is almost alwavs complete situs inversus 
and associated cardiovascular anomalies 
rarely occur. Reversal of the roentgenogram 
results in a completely normal cardiac 
silhouette. The diagnosis of dextrorotation 
or dextroversion is more difficult and minor 
degrees of dextrorotation may go unde- 
tected. Because manv cardiovascular anom- 
alies tend to occur with dextrorotation, 
special techniques, such as angiocardtog- 
raphy, cardiac catheterization, and vector 
electrocardiography analysis, may be neces- 
sary for a definitive diagnosis. 
Dextrorotation apparently results from a 
teratogenic agent beginning in the sixth 
week of fetal life and at a time when the 
cardiovascular and respiratory system are 
being formed. Accordingly, associated 
anomalies of the cardiovascular and res- 
piratory systems are common tn dextroro- 
tation. These cardiovascular anomalies are: 
anomalous pulmonary venous drainage of 
the right lung into the inferior vena cava; 
hypoplasia or absence of the right pul- 
monarv arterv; bronchial malformations 
and bronchiectasis of the right lung; ab- 
sense of segments or lobes of the right 
lung; pleural and pericardial malforma- 
tions; eventration of either of the dia- 
phragms; and anomalous branches from 
the abdominal aorta to the right lower 
lobe. Corrected transposition, with and 
without cardiac shunts, apparently occurs 
in as manv as 25 per cent of the cases of 
dextrorotation. Therefore, angiocardiogra- 
phy is important for diagnosis, while 
bronchography for detection of associated 
bronchopulmonary disease is essential. 


Israel Steinberg, M.D. 

The New York Hospital--Cornell Medical Center 
525 East 68th Street 

New York 21, New York 
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ic. 13. (8) Frontal angiocardiogram revealing marked rotation and enlargement of the "right" (venous 
ventricle and a centrally placed enlarged pulmonary artery. (C) Left heart frontal angiocardiogram 
demonstrating a huge "Teft" atrium and ventricle (systemic) with reopacification of the pulmonary artery. 
(D) Lateral angiocardiogram also showing the left ventricular pattern of the "right" (venous) ventricle. 
Phe groove between the pulmonary artery and the ventricle (arrow) is a common feature of correcte 

transposition, (E) Lateral angiocardiogram demonstrating the right ventricular appearance of the "left" 


(systemic) ventricle. The aorta is just anterior to the pulmonary artery (see D). 
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Fic. 14. Mirror-image dextrocardia in a 33 year old à 





oman with rheumatic heart disease, mitral stenosis, and 
situs inversus. (A) Frontal angiocardiogram showing mirror-image dextrocardia and enlargement of the 


*rontal angiocardiogram demonstrating enlargement of the 





right heart structures. (B) Tracing of 4. (C) I g 
left atrium with the left heart structures in the right hemithorax. (D) Tracing of C. (Reproduced with 


permission from the New York State Tournal of Medicine.) 
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Fic. 15. Congenital absence of the left pul. 
monary artery without dextrorotation of the 
heart. CT) Frontal teleroentgenogram of 
go year old woman showing prominence of 
the left pulmonary artery segment and 
small left hemithorax without pulmonary 

vasculature. (B) Frontal angiocardiogram 
0 absence of the left pulmonary 
artery. (C) The left ventricle 1s normal in 
size; the right pulmonary venous system 1s 


^ 


visualized while the left 1s absent. 
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ANGIOCARDIOGRAPHY IN DIAGNOSIS 
OF CARDIAC TUMORS* 


By ISRAEL STEINBERG, M.D.,t LAURENCE MISCALL, M.D., S. FRANK REDO, M.D., 
and HENRY P. GOLDBERG, M.D. 


NEW YORK, NEW YORE 


IGNIFICANT contributions for diag- 

nosis of cardiac tumors are made by 
angiocardiography. In atrial myxomas lob- 
ulated filling defects often show tendencies 
to prolapse into their corresponding ven- 
tricles during atrial systole and produce 
signs of valvular stenosis.” %14 Differen- 
tiation of left atrial myxomas from thrombi 
is apparently not difficult because huge 
thrombi owing to rheumatic heart disease 
are usually associated with left atrial ap- 
pendage thrombosis, whereas the atrial 
appendage in cases of myxoma is readily 
visualized. Intrapericardial tumors cause 
rotation of the cardiovascular structures 
within the confines of the pericardium and 
these can readily be demonstrated by angio- 
cardiography.$2" Angiocardiography, by 
delineating the cardiovascular structures, 
can establish the presence of pericardial 
effusions, adjacent mediastinal tumors, and 
cardiac masses.!®!® Furthermore, if the 
cardiovascular structures are intact and 
without stenoses or occlusions, a benign 
rather than a malignant lesion may be sur- 
mised. In any event, important data, which 
will help to decide whether exploratory 
thoracotomy and cardiovascular biopsy are 
needed, will be obtained by angiocardiog- 
raphy. 


METHOD 


Intravenous angiocardiography in the 
erect or supine position with multiple 
serial roentgenography was performed in 
all cases.5!! Preliminary circulation time 
determinations with decholin, especially 
when heart failure or valvular obstruction 


was suspected, were regularly made in 
order to estimate the duration of cardio- 
vascular opacification.!*:1? Usually, a second 
injection for lateral or oblique views was 
given; in some instances simultaneous 
biplane studies permitted both the frontal 
and lateral views with a single injection. 


MATERIAL 


This material consists of 6 patients with 
intracavitary lesions (atrial myxomas), 2 of 
the right atrium (Fig. 1, Æ-D; and 2, 
A and 3) and 4 of the left atrium (Fig. 3 
to 6, inclusive). Four patients had myo- 
cardial tumors: a hemangioendothelioma 
(Fig. 7, 4-F), a rhabdomyofibroma (Fig. 
8; 4 and B), tuberous sclerosis (Fig. 9, £, 


-B and C), and an intrapericardial terato- 


carcinoma (Fig. 10, 4, B and C). Only a 
single patient with a pericardial cyst 
(Fig. 1x, 4-D) is presented although 11 
others have been studied angiocardiograph- 
ically at this center.5!5 


ILLUSTRATIVE CASES 


Right Atrial Myxoma.* A 48 year old man 
with a chief complaint of dyspnea, made worse 
when lying.on the right side or bending, was 
studied a- the Methodist Hospital of Brooklyn. 
His roentgenograms were made available 
through the courtesy of Drs. R. Vincent Grieco 
and Noel F. Bartone (Fig. 1, 4—D). The frontal 
conventicnal roentgenogram showed a normal 
sized right atrium with prominence of the left 


* This case has recently been reported in detail. (SIGGILLINO, 
J. J., Crawszy, C. J., Crauss, R. H., Reen, G. E., and Tice, 
D. A. Myxona of the right atrium with polycythemia. Arch, 
Int, Med., 1953, 117, 178-183). 


* From the Departments of Radiology, Medicine, Surgery, and Pediatrics, The New York Hospital-Cornell Medical Center, New 


York, New York. 


T Recipient of Investigatorship of the Health Research Council of the City of New York under contract 1-258. 
This work was supported by The Health Research Council of The City of New York under contract No, U-1084. 
Presented in Symposium: Discussion on Diagnosis of Cardiac Tumors, IV Wcrld Congress of Cardiology, Mexico City, Mexico, 


October 7-13, 1964. 


364 


x 
2 





Ttrial Mvxoma. (. 





Fic. 1. Righ , 
cardiac silhou 





io. 3 Diagnosis of Cardiac 


» 


"umors 39$ 





A) Frontal teleroentgenogram of the heart showing prominence of the left 
tte. (5) Lateral teleroentgenogram of the chest demonstrating that there is enlargement of 


pue 


the right ventricle. (C) Left oblique angiocardiovram revealing a rounded filling defect in the right atrium. 


Seas 


D) Right oblique angiocardiogram showing that the defect is lobulated and extends from the right atrium 


> 


across the tricuspid valve {arrow) into the right ventricle, 


4 pre 





cardiac silhouette (Fi 7), while the latera 
view suggested enlargement of 





gg the outHow 
tract of the right ventricle (Fig. 1B). Biplane 
angiocardiographic studies in oblique positions 
(the patient was unable to lie supine without 
discomfort) disclosed a huge lobulatec hlling 
defect in the right atrium which extended into 
the right ventricle (Fig. 1, 





a 

















Another patient, a man aged ¢1 years with 
classic findings of tricuspid stenosis, previously 
reported by Dr. Harold A. Lyons and col. 
leagues,'? also had a huge right atrial tumor 








which prolapsed into the right ventricle c uring 


atrial systole (Fig. 2, 4 and B). 
Left Atrial Myxoima. The roentgen studies, 


made at Triboro Hospital of a 49 year old man 
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Vic. 2. Right Atrial Myxoma. (4) Frontal angiocardiogram showing a huge right atrial filling defect adjacent 
to the tricuspid valve (arrow) and extending into the right ventricle. (B) Right oblique angiocardiogram 
also demonstrating filling defects (arrows) in the right atrium and ventricle. 


with left atrial myxoma with symptoms and 
physical signs of mitral stenosis are shown in 
Figure 3, 4-D. The conventional frontal roent- 
genogram shows prominence of the right border 
of the left atrium (Fig. 3-7). Angiocardiograms 
disclosed a huge filling defect which traveled 
from the atrium to the left ventricle during 
atrial svstole (Fig. 3, B and C). Open-heart 
operation permitted removal of the myxoma. A 
roentgenogram following the operation was nor- 
mal (Fig. 3D). Representative angiocardio- 
grams of 3 patients, 2 with physical signs of 
mitral stenosis and previously studied at The 
New York Hospital, are shown in l'igures 4 to 
6, inclusive. >“ All had left atrial filling defects; 
however, the left atrial appendage in each case 
was well opacified. 

Cardiac Hemangioendothelioma.* In 1952, this 
patient at the age of 2 years had pneumonia fol- 
lowed by ascites, hepatomegaly, and a gallop 
rhythm. The heart was enlarged and an electro- 
cardiogram suggested pericarditis. She im- 
proved, but when almost 3 vears old developed 
dyspnea, cough, and fatigue. Thoracotomy 
yielded 209 cc. of clear fluid from the pericardial 

* Captain Joseph J. Timmes, (MC) USN, U. S, Naval Hos- 


pital, St. Albans, New Yerk, kindly gave permission to include 
this case. 


sac, cultures of which were negative. Partial 
pericardiectomy was done. The biopsy of the 
pericardium showed “collagenous thickening." 
She gradually improved and achieved normal 
growth and activity. At ro vears of age, she was 
a tall, thin girl who appeared well except for a 
bulge or the left precordium. The heart was en- 
larged to the left with dullness at the anterior 
axillary line. The rhythm was regular, the heart 


sounds were normal, and no murmurs were 
heard. The lungs were clear. There was no 


venous distention and the liver was not en- 
larged. Roentgenoscopy and roentgenography 
revealed a large left ventricle which showed al- 
most no pulsations (Fig. 7, 4 and B). The elec- 
trocardiogram showed right axis deviation, 
sharply inverted T waves in leads, 1, 2, Vga. 
and 6; Rr! pattern in leads Var, Vi and 3, with 
deep (30 mm.) Vs and Ve. Roentgenoscopy had 
suggested the possibility of a cardiac tumor: 
this was confirmed by angiocardiography (Fig. 
7, C, D and Ek 

Rhabdomyofibroma of the Heart. An 18 month 
old infant had been treated at the age of 6 
weeks for congestive heart failure. He อ ท - 
countered no difficulties in growth, develop- 
ment, or activity, but at 165 months was seen 
because of cardiac enlargement detected during 





hic. 3. Left. Atrial Myxoma. 
of the left atrium (arrow). 
ct a 
into the left ventricle. Note the opacified left atrial appendage (arrow). (D) Postoperativ 
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enogram showing a normal cardiac silhouette. 
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7) Frontal teleroentgenogram of the chest showing an enlarged right 
B) Frontal angiocardiogram during left atrial systole showing a huge fill 
ing defect extends 
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hic. 4. Left Atrial Myxoma. 





U4) Frontal teleroentgenogram of the chest showing enlargement of the heart, 
pulmonary artery, and left atrium. (B) Lateral esophagram with indentation owing to left atrial enlarge- 
ment. (C) Frontal angiocardiogram revealing a filling defect adjacent to the mitral valve (arrow). Note 


the opacified left atrial appendage. (D) Lateral angiocardiogram showing a huge filling defect occupying 
most of the lower portion of the left atrium. Arrow points to the mitral valve. (Reproduced with permission 


of the publisher.) 
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hospitalization for severe tonsillitis, A consider- 
able bulge of the left lateral chest wall was 
noted. Cardiac dullness extended almost to the 
left anterior axillary line. The rhythm was 
regular and the sounds were normal. The radial 
and femoral pulses were also normal. Over the 
left precordium a soft, short, slightly blowing 
systolic murmur and a short mid-diastolic mur- 
mur were heard. Roentgenoscopy revealed the 
left ventricle to be large but no pulsations were 
detected. The roentgenograms of the chest 
showed enlargement of the left ventricle (Fig. 
S4). A review of the roentgenograms made at 
the age of 6 weeks also disclosed an abnormal 
shadow in the region of the left ventricle. Angio- 
cardiography bore out the clinical diagnosis of a 
cardiac tumor, Surgery was unsuccessful be- 


cause the tumor involved an extensive area of 


the ventricular wall. Microscopic examination 
a to the diagnosis of rhabdomvofibroma (Fig. 

Cord tac Enlargement and Pericardial Effusion 
in Tuberous Sclerosis. Nlvoclonic seizures, which 
began at the age of 7 months and were inade- 
quately controlled by phenobarbital, led to the 
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lia. g. Left Atrial Myxoma. (A) Angiocardio- 
gram during atrial diastole showing the 
tumor within the left atrium. The atrial 
appendage is well visualized (arrow). 
(B) Frontal angiocardiogram during atrial 
svstole revealing a large filling defect in the 
left atrium prolapsing into the left ventricle 
(arrow), (C) Photomicrograph of the 
myxoma. (Reproduced with permission of 
the publisher.?) 


referral of this infant to The New York Hospi- 
tal at the age of 14 months. She was a fairly 
well-developed, slightly thin girl who presented 
no abnormalities on physical examination ex- 
cept for an apical systolic murmur. The seizures 
were subsequently well controlled with larger 
dosage of phenobarbital. At 27 months of age, 


apical systolic and diastolic murmurs and 
cardiac enlargement were noted (Fig. 9.7). 


Adenoma sebaceum of the face became more 
conspicuous. An intravenous pyelogram demon- 
strated a filling detect in the mid-portion of the 
left kidney. The optic fundi, at first unremark- 
able, later showed plaques characteristic of 
tuberous sclerosis. Cardiac catheterization sup- 
ported the diagnosis of mitral insufficiency and 
angiocardiograms demonstrated a large left 
atrium, ventricle, and pericardial effusion ( Fig. 
9, B and C). It appears s that the cardiac lesion 
in this patient consists of rhabdomyomata as a 
part of the general process of tuberous sclerosis.’ 

Intrapericardial Teratocarctnoma, At 3 years 
of age, this patient was first admitted to another 
hospital with signs of superior mediastinal ob- 
struction. A chest roentgenogram disclosed an 





anterior mediastinal mass. A clinical diagnosis 
of thymoma was followed by roentgen irradia- 
tion and nitrogen mustard therapy. At first, 
there was clinical improvement but without re- 
gression of the cardiac mass. She was trans- 
ferred to another hospital where a biopsy was 
obtained through a small thoracotomy incision 
in the fourth left interspace in the mid-clavicu- 
lar line. The available tissue was considered 
part of a bronchiogenic eyst. After examination 
in The Pediatric Cardiac Clinic, she was ad- 
mitted into The New York Hospital for further 
study and treatment. There were no abnormal 
cardiac findings but the neck veins were dis- 
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Fic. 6. Left Atrial Myxoma. (4) Frontal angiocardiogram 
showing a huge filling defect (tumor) occupying most of the 
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left atrium. (5) Lateral angriocardiogram of the same case. 
(C) Photograph of autopsy specimen showing a huge atrial 
myxoma (arrow 
sion of the publisher.!9) 


^ 


) in left atrium. (Reproduced with permis. 


tended bilaterally. Roentgenoscopy and roent- 
genographv of the chest disclosed an anterior 
mediastinal mass and a large nonpulsatile shad- 
ow in the region of the right atrium (Fig. 10.7). 
The angiocardiograms demonstrated pericar- 
dial effusion, a large nonopacified intraperi- 
cardial mass, and complete obstruction of the 
right subclavian vein (Fig. 108). An attempt 


= 


at surgical resection was abandoned since the 
tumor had extensively invaded the peri- 
cardial sac and the right atrial and ventricular 
walls. The sections of the biopsy were inter- 
preted as showing teratocarcinoma (Fig. 10C). 
She failed to respond to intensive roentgen ir- 
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Fic. 7. Hemangitoendothelioma 
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of the Heart. (A) Frontal teleroentgenogram revealing marked enlargement of 


the heart, especially the left ventricle. (B) Left anterior oblique roentgenogram also showing enlargement 


of the right ventricle. 


radiation and chemotherapy, and died at the 
age of 4 years. 

Pericardial! Cyst. A 4 year old asymptomatic 
boy was noted by his pediatrician to have an 
unusual cardiac contour on routine roentgenos- 
copy of the chest. Roentgenograms of the 
chest showed a bulge of the left cardiac border 
(Vig. 11.7). Physical examination was unre- 
markable except for a systolic murmur (Grade 
2) heard over the entire precordium, loudest at 
the apex but not transmitted, which was con- 
sidered to be functional. The electrocardiogram 
showed questionable left ventricular. hyper- 
trophy. Angiocardiograms revealed | normal 
cardiac chambers and great vessels. À mass, 
lateral and anterior to the left ventricle, did not 
fil with contrast material (Fig. 115). The 
smooth contour of the opacified left ventricle, 
however, did not suggest a tumor of the wall of 
the ventricle. A pericardial cyst was, therefore, 
considered the most likely diagnosis. 

Surgery was performed through the left 
chest. A pericardial cyst which had a direct 
communication with the pericardial sac was 
found and excised without incident, The post- 
operative course was unremarkable. Pathologic 
examination of the cyst after removal revealed 
it to be thin-walled with a smooth lining which 











when flattened out measured 6.5 by 3 cm. Mi- 
croscopically, the wall contained dense fibrous 
connective tissue and vascular elements. The 
cyst lining was composed of a single layer of 
mesothelial cells (Fig. 11C). The normal post- 
operative roentgen study of the thorax is shown 
in Figure 11D, 


DISCUSSION 





Angiocardiography by delineating the 
cardiovascular stuctures is the definitive 
method for the diagnosis of atrial myxo- 
mas. Recent reports and reviews!719.12.18,21 
emphasize this. Intracavitary cardiac tu- 
mors produce filing defects which are 
readilv demonstrated on angiocardiograms. 
Both right and left atrial myxomas are 
usually lobulated, attached to the atrial 
yall, and have a tendency to traverse their 
respective valves and produce murmurs of 
valvular disease when they prolapse into 
the ventricle, especially during atrial sys- 
tole (Fig. 1, C and D; 2, 4 and B; 3, 
BandC:a,Cand D; sand 5, 4 and D): 
Differentiation from a huge left atrial 
thrombus owing to rheumatic mitral ste- 
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7. (C) Frontal angiocardiogram demonstrating the enlarged right ventricle with trabeculae (arrow). 





C 
sram showing that the enlargement of the heart is chiefly of the left ventricle. 


(E) Frontal angiocardiogram demonstrating the huge left ventricular wall containing lakes of contrast 


material (arrow), (F) Photomicrograph of biopsy material showing hemangioendothelioma. 
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nosis 1s of academic interest, since removal 
of the mass is indicated in both instances. 
All patients with left atrial mvxomas in the 
present series had patent left atrial ap- 
pendages angiocardiographicallv, whereas 
the patient with the huge thrombus (Fig. 
12, 4 and B) also had thrombosis of the 
left atrial appendage (Fig. 12). 

Nlural tumors of the heart should be 
suspected when angiocardiograms show 
an isolated and unusually thickened car- 
such instances exploratorv operation and 
myocardial biopsy are indicated and will 
establish the diagnosis (Fig. 77). 

Pericardial cysts are usually adjacent 
to some portion of the pericardium. Angio- 
cardiography may indicate this, but can- 
not differentiate them from adjacent medi- 
astinal tumors. Accordingly, thoracotomy 
is necessary for definitive diagnosis and 
treatment. Cystic intrapericardial masses 
(bronchiogenic cysts) and teratocarcinomas 
have a tendency to rotate the cardiovascu- 
lar structures within the confines of the 
pericardium. Accordingly, angiocardiog- 
raphy may be expected to reveal the cardio- 
vascular structures dislocated into either 
the right or left oblique position by the 
huge nonopacified intrapericardial mass.!? 
In the case of the teratocarcinomatous 
intrapericardial tumor, invasive features 
such as pericardial effusion, occlusion of the 
great veins, and stenoses of the superior 
vena cava and pulmonary conus were also 
revealed (Fig. 108),' 

Pericardial effusions are easily demon- 
strated on angiocardiograms (Fig. 9, B and 
C; and 105).!5 Usually, there is a so-called 
soft tissue densitv which surrounds the 
opacified cardiac chambers when thev are 
visualized in the frontal view. This can be 


confirmed by pericardiocentesis; study of 


the fluid may establish the etiology of the 
effusion. In 2 patients with intrapericardial 
lipomata, these could not be distinguished 
from pericardial effusions. One patient also 
had an anterior mediastinal lipoma which 
simulated a dermoid cyst. 
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lic. 8. RAabdomvofibroma of the Heart. (A) Frontal 
roentgenogram of the chest showing a huge heart. 
(B) Photomicrograph of the tumor showing 
rhabdomvofibroma. 


SUMMARY AND CONCLUSIONS 

Angiocardiography is indicated when- 
ever there are massive cardiac shadows or 
unusual heart murmurs, especially the 
signs of either tricuspid or mitral stenosis. 
With contrast studies cardiac dilatation 
can readily be differentiated from peri- 
cardial effusion. Intrapericardial tumor 
should be suspected when the cardiac 
chambers are rotated within the confines 
of the pericardium. Mediastinal tumors or 
pericardial cysts adjacent to the heart can 
usually be distinguished from intraperi- 
cardial and cardiac tumors by angiocardi- 


ography. Finally, intracavitary cardiac 
tumors (myxomas) which frequently cause 
murmurs of valvular stenosis can be readily 
recognized because they have lobulatec 
filling defects which partially occlude the 
tricuspid or mitral valves during atrial 
vstole. Since open-heart surgery and re- 
moval of the myxoma is curative, the 








angiocardiographic diagnosis is essential. 
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Fic. 9. Tuéerous Sclerosis Dnvolving the Heart. 
G4) Frontal teleroentgenogram of the chest 
showing a huge cardiac silhouette. (3) Fron- 

tal angiocardiogram demonstrating right 

ventricular and pulmonary arterial en- 

largement, and pericardial effusion. (C) 

Angiocardiogram also revealing left atrial 











and ventricular enlargement. The irregular 
contour of the opacified left ventricular 


cavitv is attributed to tuberous lesions in 
the myocardium. 








ADDENDUM 


Since this paper was prepared for pub- 
cation, a vear old woman with the 


* 


superior vena cava syndrome (headache, 


d 





a^ 


swelling of the face, neck and chest, and 
venous engorgement of the thorax) was 
studied on Dec. 17, 1962. She also illus- 
trates the value of angiocardiography in the 


* 


diagnosis of cardiac tumor. Conventiona 





roentgenography of the chest had re- 
vealed widening of the middle superior 





: Angiocardiog- 


mediastinum (Fig. 13 
raphy showed both subclavian and innomi- 
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nate veins to be intact (Fig. 15, B and C). 
The superior vena cava was occluded and 
blood flow was through a hugely dilated 
azvgos svstem (Fig. 15, B and C). Serial 
roentgenography disclosed only filling of 
the inferior portion of the right atrium via 
blood flow from the inferior vena cava; the 
upper halt of the atrium contained a filling 
defect (Fig. 13D). 

Operation on January 18, 1963, verified 
the occlusion of the upper portion of the 
right atrium and superior vena cava by 
tumor. Cardiac arrest. occurred during 
operation and even though a heart-lung 
machine was in use, it was not possible to 
revive the patient. Histologic study of the 


pecimen showed a very bizarre malignant 
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Fic. 10, Intrapericardial Teratocarcinoma. (A ) 
Frontal teleroentgenogram of the chest 


showing a tremendous cardiac silhouette. 


(B) Frontal angiocardiogram revealing oc- 


Im 


clusion of the right subclavian vein with 
marked venous collaterals to a deformed 
superior vena cava. The heart is rotated 
into the right anterior oblique position and 
there 1s a huge pericardial effusion. (C) 
Photomicrograph of teratocarcinoma, (4 
and B previously published." 





} 


é 


tumor- undifferentiated spindle cell sar- 
COMA. 
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nate veins to be intact (Fig. 15, Band C 
The superior vena cava was occluded and 
blood flow was through a hugelv dilated 
azygos system (Fig. 13, B and C). Serial 


roentgenography disclosed only filing of 
the inferior portion of the right atrium via 
blood flow from the inferior vena cava; the 
upper half of the atrium contained a filling 
defect (Fig. 13D). 

Operation on January 18, 1963, verified 
the occlusion of the upper portion of the 
right atrium and superior vena cava bv 
tumor. Cardiac arrest. occurred during 
operation and even though a heart-lung 
machine was in use, it was not possible to 
revive the patient. Histologic study of the 


specimen showed a very bizarr 








| malignant 
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Vic. 10. Intrapericardial Teratocarcinoma. (A) 
Frontal teleroentgenogram of the chest 
showing a tremendous cardiac silhouette. 
(5) Frontal angiocardiogram revealing oc- 
clusion of the right subclavian vein. with 

marked venous collaterals to a deformed 

superior vena cava, The heart is rotated 
into the right anterior oblique position and 

there is a huge pericardial effusion. (C) 

Photomicrograph of teratocarcinoma. (4 


oy 


and B previously published!) 











tumor - 
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undifferentiated spindle cell sar- 
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Fic. 11. Perteardial Cyst. (4) Frontal teleroentgenogram of the chest showing prominence of the left ven- 
tricular contour (arrow). (8) Frontal angiocardiogram showing m t atrium and ventricle to be normal 
; & 
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showing the classic features 
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(arrows? proved to be a pericardial cyst at operation. 


a pericardial cyst. (D) ) Postoperative roentgenogram 
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Fic. 12. Huge Left Atrial Thrombus in Rheumatic Mitral Stenosis. A 41 year old woman with classic s signs of 
mitral stenosis had severe dyspnea, cyanosis, and congestive heart failure. (7) Frontal teleroentgenogram 
of the chest showing enlargement of tl 


eB 


r 16 heart, especially of the left atrium, pulmonary artery and branches. 


Lateral angiocardiogram 1 


revealing a huge irregular filling defect; a left atri 


al appendage was not 


visualized. At open- -heart operation a huge left atrial thrombus was removed. Marked improvement 
followed. 
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3. Malignant Tumor of the Right Atrium Occluding Superior Fena Caza. ( 


GA) Conventional frontal t 
roentgenogram of the chest showing 
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astinum. (B) Frontal angiocardio- 
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widening of the right superior med 


gram showing the right subclavian and innominate veins with opacification of a hugely dilated azygos 
system, (C) Angiocardiogram following injection of left arm vein and demonstrating that the left sub- 
clavian and innominate veins are intact. (D) Later angiocardiogram in the series revealing blood flow in 
retrograde fashion from the azygos system into the inferior vena cava, Note that there is a huge filling 
the upper portion of the right atrium. 
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MULTIPLE MYCOTIC PULMONARY 
ARTERY ANEURYSMS* 


By LEONID CALENOFF, M.D. 


CHICAGO, ILLINOIS 


WO cases of multiple mvcotic pulmo- 

nary artery aneurvsms were diagnosed 
recently at the University of Illinois Re- 
search and Educational Hospitals. The 
pathogenesis differed but strikingly similar 
findings were noted on plain roertgeno- 
grams, laminagrams and angiograms. 


REPORT OF CASES 


Case 1. This 20 vear old female, with heart 
murmur detected at the age of § years, had no 
cyanosis, When she was admitted to Research 
and Educational Hospitals, her symptoms were 
fever and hemoptysis which were present for a 
period of 3 years. Subacute bacterial endocar- 
ditis was diagnosed elsewhere and she had been 
treated intermittently with penicillin. During 
the month before admission she developed easy 
fatigabilitv, dyspnea, fever up to 104^7F. and 
more pronounced hemoptysis. No information 
could be obtained regarding her chest roent- 
genograms prior to admission, The patient ap- 
peared fairly healthy despite the long standing 
history of fever and weight loss. She had no 
orthopnea, edema or cyanosis. The pulse rate 
was go, and the blood pressure 120/55. A 
systolic and diastolic thrill was felt in the 
second left intercostal space. On auscultation 
St was loud and maximum at the apex, S2 
was normallv split and the pulmonic compo- 
nent of S2 was loud. There was a Grade tv-vi 
svstolic and diastolic murmur over the left in- 
tercostal spaces, radiating toward the left 
shoulder. No spleen or liver enlargement was 
noted. 

A vectorcardiogram revealed right ventricu- 
lar and right atrial enlargement. 

Chest roentgenograms (Fig. 1, Æ and B) 
showed a large pulmonary arterv, and multiple 
round and fusiform masses near the hili and 
also in the periphery of the lungs. Laminagrams 
in the frontal and lateral positions (Fig. 2, 4 
and B) showed the distribution of the masses, 
but differentiating tumors from inflammatory 
foci or vascular lesions was not possible. 

After the pulmonary function test showed a 


decrease in. ventilatory ability without airway 
obstruction and since pO» rose to about 99 per 
cent with inhalation of 100 per cent oxygen, it 


arteriovenous shunt. 

Multiple blood cultures vielded alpha hemo- 
lytic streptococci which confirmed the diag- 
nosis of subacute bacterial endocarditis. 

Cardiac catheterization was unsuccessful 
but an aortic angiogram demonstrated a small 
patent ductus arteriosus. In order to clarity the 
character of the multiple masses, a venous 
angiogram was made (Fig. 3). The catheter 
was placed in the pulmonary artery and con- 
trast material was injected. With visualization 
of the pulmonary artery and its branches mul- 
tiple round and fusiform areas opacified. They 
corresponded exactly to the masses seen on the 
plain chest roentgenograms and laminagrams. 
The aneurysms remained filled with contrast 
material during the venous phase, probably due 
to the lack of elasticity of the dilated segments 
of the arteries. No arteriovenous shunt was 
demonstrated. 

The patent ductus arteriosus was repaired 
and during the thoracotomy multiple mycotic 
aneurysms of the pulmonary artery were pal. 
pated. No biopsy was done. 


Case II. A 47 year old taxi driver with a 
history of night sweats, malaise and frankly 
purulent sputum of t year's duration prior to 
the admission to the Research and Educational 
Hospitals was treated with injections by his 
local physician for “bronchitis?” and he im- 
proved subjectively. Three months later he 
noted the onset of exertional dvspnea with con- 
tinuous malaise. À chest roentgenogram made 
with a mobile unit was reported as normal. 
However, more injections were given for “‘pneu- 
monitis" with lessening of the night sweats. 
Three months prior to admission he experi- 
enced hemoptysis and a chest roentgenogram 
showed "coin lesions.” 

The patient was well nourished, was in no 
distress and showed no cvanosis. The blood 
pressure was 105/70, pulse 88, and respiration 


* From the Department of Radiology, College of Medicine, University of Illinois, Chicago, Illinois. 
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20. The lungs were clear on percussion and 
auscultation. There were no murmurs, no thrill 
and no clinical evidence of cardiomegaly. 
There was a slight clubbing of the fingers. 
Laboratory data were within normal limits. 
Blood cultures were sterile. Chest roentgeno- 
grams (lig. 4, 4 and B) showed a normal heart 
and multiple round and fusiform masses along 
the mediastinum, the distal one in the right 
lower lobe. Laminagrams (lig. 4) showed the 
masses in better detail. l'here was no evidence 
of a breakdown within the masses. While in th 
hospital the patient had intermittent low grade 
fever and grossly bloody sputum. Neoplasm, 
primary in the lung or metastatic, was strongly 
suspected. The search for a primary lesion was 
not rewarding. Bronchoscopy revealed rhe 
orifices of the right upper lobe, the left main 
bronchus, and segmental orifices to be dis- 
placed medially. A bronchial smear showed 
Class i1 cells. A scalene lymph node biopsy was 
reported as granuloma. Gastrointestinal and 
urinary tract examinations were normal. Blood 
cultures were negative. Alpha streptococci, 
Neisseria, coagulate positive staphylococci and 
hemophilus were isolated from the sputum. 
During an exploratory thoracotomy, masses 
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Fic. 3. Case 1. Angiogram showing the catheter in 
the pulmonary artery. The selected early frame 
demonstrates simultaneous filling of the pul- 
monary artery and of the “masses” along the 
secondary and tertiary branches of the artery. 
Multiple mycotic aneurysms were palpated 
during thoracotomy for repair of the patent 


ductus arteriosus. 





Fic. 4. Case 11. (,7) Posteroanterior and (4) lateral chest roentgenograms of a patient who developed masses 


in the lungs after a long standing and poor! 
heart size. 








Fic. g. Case 1L Frontal laminagram showing the 
round and fusiform masses, arranged like fruit on 
a small tree, distributed around the hili. 


in the right lower and right middle lobe were 
found and incised, resulting in massive bleed- 
ing. No biopsy could be obtained. After the pa- 
tient recovered from the surgical procedure, a 
venous angiocardiogram was made (Hig. 6). As 
in Case t, the pulmonary artery and the masses 
filled with contrast material simultaneously. 
All masses seen on the plain roentgenograms 
and laminagrams filled and remained filled even 
during the late venous phase. No arteriovenous 
shunt was demonstrated. It was concluded that 
multiple mycotic aneurysms had developed 
along the branches of the pulmonary artery by 
direct propagation or lymphatic spread from a 
purulent focus or foci in the lungs. 

Pulmonary function studies done 2 months 
after surgery showed a rise of pOs to about 93 
per cent which was interpreted as evidence of 
a small arteriovenous shunt, probably resulting 
from the incision of one or the other of the 
aneurysms or as a result of the infection within 
or around an aneurysm. 

Two months later the patient was rushed 
back to the hospital because of a massive 
hemoptysis, which occurred at home where he 
had been slowly improving with antibiotics 
and prednisone. He expired in the Emergency 
Room. 
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The autopsy disclosed multiple bilateral in- 
trapulmonary mycotic aneurysms of the pul. 
monary arteries, with thrombosis and bacterial 
vegetations, One of the aneuryms of the lingula 
had eroded into a bronchus, thus causing a 
massive terminal hemoptysis and aspiration of 
blood. In addition, a massive subacute bacterial 
endocarditis involving the mural endocar- 
dium of the right ventricle and the septal leaflet 
of the tricuspid valve was found. 


Comments. Case 1 was associated with 
subacute bacterial endocarditis superim- 
posed on a patent ductus arteriosus. Alpha 
hemolytic streptococci were isolated in the 
blood cultures. Case 11 was associated with 
a massive subacute bacterial endcarditis 
involving the right heart. Both patients 
had exploratory thoracotomies and the 
aneurvsms were seen and palpated, but 
could not be biopsied because of bleeding or 
fear of bleeding. Both cases are considered 
to represent mycotic type of multiple pul- 
monary artery aneurysms. 


a 





Fic. 6. Case 11. Angiogram during the venous phase 
showing the retention of contrast material in the 
aneurysms. This ts attributed to the lack of elas- 
ticity of the mycotic, degenerated segments of the 
artery. Note the origin and distribution of the 
branches of the pulmonary veins. They do not 
originate from the masses as they would in 
arteriovenous fistula. 
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DISCUSSION 

Aneurysms of the pulmonary artery are 
well recognized as an entity by Good?! in his 
discussion of the vascular abnormalities of 
the lung. They can occur in a major branch 
or in one or more branches of secondary or 
tertiary character.* By the end of 1962, 158 
cases of major branch aneurysms had been 
reported in the medical literature according 
to Isemein ef al? Aneurysms of the small 
branches are rare. Reports of onlv 32 cases 
have been published thus far, 31 di ES 
were reviewed by Charlton and du Plessis? 
and 1 was reported by Kopp and Green.” Of 
the published cases onlv a limited number 
had angiographic studies and only a few 
had bilateral or multiple involvement. 
Seventeen were positively mvcotic, 4 were 
questionably mycotic, 8 were congenital, 1 
was syphilitic, 1 traumatic and 1 was due 
to embolization of suture material from a 
repaired patent ductus arteriosus. Thus, 60 
per cent of these aneurysms were due to 
mycotic degeneration of artery walls. 

It is accepted that the most common 
cause of mycotic aneurysms in voung indi- 
viduals is subacute bacterial endocarditis, 
followed by old rheumatic valvulitis? EM 
acute bacterial endocarditis usu ally accom- 
panies a congenital defect such as patent 
ductus arteriosus, ventricular septal defect 
or atrial septal defec 0 

In elderly people there is usually a direct 
extension from a neighboring suppurative 
focus, commonly due to Staphylococcus, 
Streptococcus or Salmonella? 

The pulmonary artery can be invaded 
by emboli via the vasa vasorum branches 
of the bronchial artery which are part of the 
systemic circulation.” A second possibility 
is lodgement of the septic emboli in the lu- 
men of the arteries and direct invasion of 
the intima. The third manner of invasion is 
erosion by an adjacent suppurative process 
directly or through the perivascular ly mph 
channels.? As a result of the bacterial in- 
vasion there is destruction of the intima 
and the elastic and muscle fibers, and their 
replacement by fibrous connective tissue.*? 

The weakened arterial wall vields and be- 
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comes dilated.” Rupture can take place, and 
à hematoma may organize into a false 
aneurysm. Rupture in a vein can occur and 
create a shunt. The end result is fibrosis of 
the arterial wall with, at times, active 
endarteritis,! 

Clinically, mycotic pulmonary artery 
aneurysms follow a febrile course. The most 
frequent manifestations are cough, hemop- 
tvsis, chest pain and dy spnea. There is no 
cyanosis; occasionally there is clubbing of 
the fingers. Associated peripheral embolic 
manifestations and thrombosis have been 
reported as a source or consequence of in- 
fection.*? 


ROENTGEN MANIFESTATIONS 


Usually multiple aneurysms of the pul. 
monary artery are indistinguishable from 
inflammatory or 0 lesions on plain 
roentgenograms (Fig. 1, 7 and B; and 4, 4 
and 5). If the bi of the "masses" 
is close to the mediastinum, mediastinal 
lymphadenopathy due to tuberculosis, sar- 
coidosis or lymphoma may be suspected. If 
the “masses” are more peripheral, metastat- 
ic disease may be considered. Multiple 
abscesses are often diagnosed, particularly 
if the patient's course is febrile.* In the case 
that vascular lesions are suspected, aneu- 
rvsms, arteriovenous fistulae, the so-called 
varix and intralobular bronchopulmonary 
sequestration should be considered. Fluoro- 
scopically, all vascular lesions pulsate, in 
contrast to inflammatory and neoplastic 
masses, although the latter could possibly 
transmit pulsations. On laminagrams mul- 
tiple oval or fusiform masses are usually 
demonstrated, arranged like fruit on a 
small, short tree (Fig. 2, 4 and B; and 5). 
The bronchi are generally normal? but can 
be displaced. Calcium is seldom seen in 
multiple mvcotic aneurysms. No areas of 
breakdown or fluid level are seen in the 
individual “masses.” 

To differentiate, however, between tum- 
ors and vascular lesions angiographv is 
necessary and ordinarily a venous angio- 
gram should be made. The catheter can be 
left in the right atrium (Case 11) or ad- 
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vanced to the pulmonary artery (Case 1). 
The contrast material opacifies the “mass- 
es” simultaneously with the opacification 
of the pulmonary artery (Fig. 3 and 6). The 
aneurysms usually opacify at the same 
time and stav filled even through the 
venous phase. This is attributed to a slow 
emptying due to lack of elastic tissue in the 
vessels at the point of the aneurysmal dila- 
tation. No veins associated with the 
"masses" are demonstrated. 

The interpretation of such an angiogram 
requires à systematic elimination of all 
possible vascular abnormalities. Aneurysms 
of the pulmonary vein or the so-called varix 
would opacify only during the venous 
phase of angiography.! In arteriovenous 
fistulae!’ the contrast material opacifies an 
enlarged vessel leading to the sac, followed 
by opacification of an enlarged vein leading 
back to the hilus. The sacs filled with con- 
trast material empty quickly by shunting. 
The left atrium is visualized early in the 
procedure.t The rare svstemic-to-pulmo- 
nary fistulae and also intralobular broncho- 
pulmonary sequestration are opacified only 
by thoracic aortography via the bronchial 
arteries. The same opacification would be 
expected for highly vascular metastatic 
tumors. 

The real dificulty lies in distinguishing 
acquired from congenital aneurysms. 
Barnes and Stedem! have suggested that 
pre-existing congenital aneurysms of the 
pulmonary artery can enlarge considerably 
by a superimposed infectious process. The 
patient's 
help. 


CONCLUSION 


Two cases of multiple pulmonary artery 
aneurysms involving small branches are 
presented, They are presumably mycotic: 
one related to subacute bacterial endocardi- 
tis with patent ductus arteriosus, the other 
to massive subacute bacterial endocarditis 
involving the right ventricle and the tri- 
cuspid valve. Thirty-two similar. cases, 
more than half of them mvcotic, have been 
reported thus far. In only a few isolated 


background and course can be of 
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cases were laminagraphy and angiography 
performed and onlv a few were diagnosed 
before surgery or death. The etiopathology, 
roentgen manifestations and differential 
angiographic diagnosis of multiple pul. 


monary artery aneurysms are briefly dis- 
cussed, 


840 South Wood Street 
Chicago 12, Hlinois 
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PERCUTANEOUS TRANSCAROTID THORACIC 
AORTOGRAPHY* 


(Surc.), CHARLES OLINGER, M.D., 
F. WIOT, M.D, 


CINCINNATI, OHIO 


By LUIS L. GONZÁLEZ, M.D., D.Sc. 
and JEROME 
HE value of thoracic aortographv in 


the diagnosis of certain cardiovascular 
and noncardiovascular lesions has been 
well established. Congenital lesions of the 
heart and great vessels, thoracic aortic 
aneurysms, acquired lesions of the 
aortic valve, the coronary arteries,!2" 
mediastinal tumors, and most recently 
occlusive diseaseof the aorta and its branch- 
es? have been studied by this method. 

The very fact that a number of tech- 

niques exist for performing thoracic aortog- 
raphy is an indication that no single method 
has enjoyed uniform success. High quality 
aortograms have been obtained bv retro- 
grade catheterization using either the 
brachial or the femoral arterial route. How- 
ever, the use of these vessels is not alwavs 
feasible when dealing with patients having 
extensive arteriosclerosis or when com 
or incomplete occlusions are present (Fig. 
A and B). Cronqvist,® for example, w was 
successful in passing a catheter in a retro- 
grade fashion from the femoral artery in 92 
per cent of the patients under 40 years of 
age, but in only s0 per cent of patients over 
sO years of age. 

Our occasional inability to successfully 
introduce a catheter into the thoracic aorta, 
either because of the presence of obstruc- 
tion or tortuosity in the aorto-iliac or sub- 
clavian areas, prompted us to turn our at- 
tention to the common carotid artery. 
Jonsson ef 47. have expressed concern for 
the use of this latter artery for aortograph v. 
However, their conclusions were based 
upon SXperiences with a metal cannula 
rather than the flexible catheters now in 
use. 

The technique to be described is safe and 


easilv performed. The transcarotid tech- 
nique was initially used only in those pa- 
tients in whom proximal thoracic aortogra- 
phy had been unsuccessful when using the 
brachial and femoral arteries for catheter 
insertion. As further experience revealed 
certain distinct advantages of this ap- 
proach, it has replaced other approaches 
tor the study of the proximal aorta and its 
major branches in this institution. 


TECHNIQUE 


The technique employ ed for performing 
examination is carried out as follows: 
The appropriate area of the neck is 

d ue |f necessary, scrubbed with an 
aqueous ceeprvn I-100 solution for 1o 
minutes, painted with two coats of tincture 
of ceepryn, and draped with sterile towels. 

The skin and subcutaneous tissue at 
the proposed site of needle insertion, 
shghtly below the carotid bifurcation, are 
infiltrated with a local anesthetic (Fig. 2.4). 
General anesthesia has usually not been 
necessary but may be indicated in the ap- 
pe e or uncooperative patient. 

A thin-walled short.beveled No. 18 
guise needle is inserted into the common 
carotid artery a short distance below the 
bifurcation and directed inferiorly (Fig. 
25). This needle has been found to be less 
cumbersome than the Seldinger needle. 
Following this, an 80 cm. guide wire* with 
a flexible tip is passed proximally for a dis- 
tance of at least 3 inches bevond the needle 
tip to prevent its removal with the needle 
(Fig. 3.7). The needle is then removed 
leaving the guide wire in place. 





* Schick X-ray Company, Chicago, IHllino's, 


* From the Departments of Surgery, Neurology, and Radiology of the Veterans Administration Ht ospital, and University of Cin- 


cinnati College of Medicine, Coe iar. Ohio. 


Supported in part by U. S. Public Health Service Grant HP-7903. 
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" "nd bon ix gere me E 
should be used. If resistance is encountered 
it should be pulled back slightly and turther 
gentle manipulations used to properly posi- 
tion itin the lumen of the artery. The intro- 
duction of a guide wire in the face of resist- 
ance may lead to pertoration of the pos- 
terior wall of the arterv or breaking of the 
guide wire at the point of attachment ot the 
flexible tip. 

4. A catheter of teflon tubing* is then 
placed over the guide wire and advanced 
into the arterial lumen (Fig. 35). When 
blood flows freely trom the catheter, the 
guide wire is removed and the catheter ad- 
vanced to the desired position (Fig. 3C). 


The tubing used in the preparation of 


this catheter has an inner diameter of . ๐ 6 ๕ 9 
and outer diameter of .o83 inch. This 
rather large ratio of lumen to over-all 


diameter permits rapid delivery of contrast 


* Teflon tubing available in various diameters from Sparta 
Manufacturing Com pany, Dover, Ohio. 
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medium with a relatively small catheter. 
The catheter, pre-cut to measure 20 inches, 
is tapered at one end bv slight heating, 
flanged at the other end with a pre-heated 
Kita flanging tool? and attached to an 
adapter. Generally, several side holes are 
placed in the distal 3 inches of the catheter 
to ensure rapid delivery of the contrast 
medium and to avoid backlash. Chemical, 
gas, or heat sterilization techniques may bë 
used in the preparation of the catheters. In 
most instances it is possible to connect the 
adapter directly to the mechanical injector, 
thus eliminating the need for a connecting 
tube. 

By filing the catheter with contrast 
medium and i ising fluoroscopic control, the 
tip can be positioned very preciselv in the 
root of the aorta. More often, however, we 
have relied on catheter measurements based 
on values obtained from a study of cadav- 
ers. The average distance from the com- 


t Schick X-ray Company, Chicago, Hlinois, 





Fic. 


1. (4) A marked kink of the subclavian artery (arrow) prevents passage of the catheter. Injection of 
don medium was made distal to the kink. (B) Marked tortuosity and atherosclerosis of external iliac 
artery prevents catheter passage into the aorta. 
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Fic. 2. (4) Site of needle insertion slightly below carotid bifurcation. (B) A thin-walled, short-beveled No. 18 
gauge needle is inserted into the common carotid artery a short distance below the bifurcation and directed 


inferiorly. 


mon carotid bifurcation to the aortic valve 
Is approximately 10 inches. After position- 
ing the catheter, a scout roentgenogram 
should be obtained at the time of injection 
of a small dose of contrast medium. This 
has the combined advantage of a test for 
sensitivity to the medium and assurance of 
accurate positioning. of the patient and 
catheter. Generally, a 15-20 degree nght 
posterior oblique projection is utilized. 
Occasionally, a left posterior oblique view is 
necessary to adequately visualize the bi- 
furcation of the innominate artery. 

The contrast medium is delivered byv a 
mechanical pressure injector.* The pressure 
used with the Taveras injector is usually 
575 pounds per square inch, and with the 
Gidlund injector, 8 kilograms per square 
centimeter. We have used 50-60 cc. of 
ditriokont for most of the studies; however, 
other media having similar characteristics 
may also be used. The innominate, right 

* Taveras Model, Picker X-ray Corporation, White Plains, 
New York or Gidlund Model, Elema-Gidlund Company, Stock- 


holm, Sweden. 
t Sodium diprotrizoate, sodium diatrizoate, 


carotid, and right subclavian arteries can 
be better evaluated by withdrawing the 
catheter into the proximal common carotid 


the aortic arch and is therefore not used. 

A Schónander film changer is used for 
obtaining serial roentgenograms. single 
flm technique, however, has been ade- 
quate when the injection is made in branch 
vessels rather than in the aorta. 

Following completion of the study and 
removal of the catheter, moderate pressure 
is applied to the area for approxim ately 10 
minutes to obtain hemostasis. 


RESULTS 


During the past year we have obtained 
thoracic aortograms using this method in 23 
patients without technical failure. Diag- 


** Sodium diatrizoate, 


nostic roentgenograms have been obtained 
in each instance (Fig. 5 through Fig. 9). We 
are entirely satishied i at it is a safe and 
useful procedure, not only for patients in 
waom retrograde catheter passage bv other 
routes 1s not possible, but also for more 
use as the preferred route for 


There ล um no cerebral complica- 
tions following these studies and throm- 
bosis of the common carotid arteries at the 
point of catheter insertion has not occurred. 
Approximately one-half of these patients 
have had significant hypertensive cardio- 
vascular disease in addition to peripheral 
arteriosclerosis. In view of this high inci- 
dence of hypertension, there was initial con- 
cern that this technique might result in the 
accumulation of large hematomas follow- 
ing removal of the catheter. In this study 
only 2 patients developed small hematomas 
at the site of catheter insertion which re- 
quired no further treatment. As a rule, 


cathe fen 


tur Pe. 


แล้ ้ ั น 00 


Fic. 3. (42) An 8 ๐ cm. thin guide wire with a 


ber ond the needle tip to prevent its removal with the needle. (5) A 
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edema of the neck following these studies 
has been less than that noted with the use 
of percutaneous needle techniques. 

In most of the studies to date the right 
common carotid arterv has been used for 
catheter insertion. The majority of these 
patients have had clinical findings sugges- 
tive of aortic arch occlusive lesions, and the 
use of this arterv rather than the lett com- 
mon carotid has given additional informa- 
tion concerning the patency of the in- 
nominate, carotid, subclavian and verte- 
bral arteries on the right side. The left 
common carotid artery has been used in a 
few patients when a partial or complete oc- 

clusion of the innominate or of the right 
common carotid artery itself was suspected. 
A significant diminution of pulsation in the 
right common carotid artery or right bra- 
chial artery, especially when associated with 
a diminished blood pressure in the right arm, 
suggests a proximal occlusive lesion such as 
in the innominate artery. The presence of 


flexible tip is passed proximally for a distance of at least 3 inches 


A catheter of teflon tubing is then placed 


over the guide wire and advanced into the arterial lumen. (C) When blood flows freely from the catheter, 
the guide wire is removed and the catheter advanced to the desired position. 
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these signs would weigh in favor of using 
the left common carotid ar tery for catheter 
insertion. 

Since the adoption of the teflon catheter, 

more than 400 examinations using the 
carotid or femoral arteries have been per- 
formed without thrombosis. Only 3 occlu- 
sions have occurred during the performance 
of more than 240 brachial artery cathe- 
terizations. Further treatment was not re- 
quired in these 3 instances, since neither 
subjective nor objective evidence of circu- 
latory embarrassment resulted. 
the brachial artery with its smaller diame- 
ter was probably a contributing factor in 
the development of this complication, This 
rather low incidence of comp ication has 
strengthened our confidence in the safety of 
the use of the common carotid artery for 
catheter insertion. The technique has been 
used safely in patients with known com- 
plete contralateral common carotid artery 
occlusion. 


ADVANTAGES OF TRANSCAROTID 
AORTOGRAPHY 

The principal advantages of the trans- 
carotid technique described in this report 
are as follows: 

i. The technique is easly performed. It is 
possible to complete a study in approxi- 
mately 30 minutes. 

By withdrawing the catheter from the 
proximal aorta and placing it in the proxi- 
mal common carotid artery, it is possible to 
obtain simultaneous visualization of the in- 
nominate, right subclavian, right carotid, 
and right vertebral arteries. Visualization 
of the intracerebral distribution of the 
latter two generally requires a second injec- 
tion of contrast medium. 

3. The e positioned catheter does not limit 
movement of the patient for obtaining rota- 
tional views. 

4. The use of the carotid artery for 
thoracic aortography permits the use of a 
significantly shorter catheter than when 
using the femoral or brachial arteries. Dis. 
tances trom the brachial artery at the ante- 
cubital crease, femoral artery at the in- 
guinal ligament, and common carotid ar- 
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The use of 





The catheter has been withdrawn into the 


IG. 4. 
proximal common carotid artery. À manual in. 
jection of 12 cc. of contrast medium demon- 
strates a plaque of the internal carotid artery 
(arrow) and good filling of cerebral vessels. 


terv bifurcation to the aortic valve were 
0 ins 14 a nil s ors catheter 


[ag 


เล ฑา examination. =P He AV eee dies 
tances noted were 23, 25, and 10 QU re- 


spectively. Poiseuille's law states in part 
that velocity of flow of fluid p a rigid 
tube is inversely proportional to its length, 

Thus, it is evident that more rapid delivery 
of contrast medium is possible by using the 


transcarotid technique. Studies in this 
institution? have 2 that by simply 


shortening catheter length from 3o to 10 
inches, all other factors being equal, a 25 
per cent increase in delivered bound iodine 
in milligrams per second of contrast me- 
dium occurs, 

s. This technique adds safety factors 
over cutdown methods in that there is less 
arterial intimal damage. Perhaps of equal 
importance 1s the fact that blood flow con- 
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as well as the right vertebral artery are w 
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hic. 6. Complete occlusion of the aorta secondary to 
coarctation Just distal to anomalous right sub- 


clavian artery, 
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left subelavian artery. Both the right and left common carotid arteries 
ell demonstrated. (5) The left subclavian artery is filled by 
‘subclavian steal syndrome, 


tinues through the artery when the cathe- 
ter is in position. This latter factor has ob- 
vious advantages. 

6. A high rate 


pus: 





E " 


Of successful studies i5 
possible due to the fact that the arterio- 
sclerotic involvement of the common carot- 
id artery proximal to its bifurcation is 
nerally less than other arteries that have 
d for catheter insertion.’ 








yen use 





DISCUSSIO 











The technique of retrograde catheter 
aortographv was introduced by Radner in 
1948. His method required surgical dissec- 
tion of the artery to be used and was there- 
fore time-consuming and potentially hazard- 
ous. The introduction of a percutaneous 
method of passing a catheter over a steel 
spring wire by Seldinger? in 1953 immedi- 
ately expanded the usefulness of the tech- 
nique. This latter modification was quickly 
accepted and adapted to the particular 
vessel in which the clinician was interested. 





E 
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Fic. 7. Arch study in a 32 year old man folowing a 
right hemiplegia demonstrating extensive vascu- 
lar disease. There is marked narrowing of the 
right subclavian artery. The left common carot- 
id artery is occluded at its take-off from the aorta, 
The left vertebral artery is markedly narrowed at 
its origin and shows poststenotic dilatation. The 
left subclavian artery has a large plaque just distal 
to the thyrocervical trunk. 


The ease of performance and safety associ- 
ated with this technique have now been 
well established. 

The possibility of using. the common 
carotid arterv for percutaneous catheter 
insertion in arteriography has been previ- 
ously explored bv other investigators. 
However, certain differences exist between 
their techniques and the one described in 
this report, both in the method itself and in 
its application. In 1960 Berk? described a 
transcarotid technique for combined carot- 
id-vertebral arteriography which he had 
used in 10 patients. The present technique 
differs from his in several important de- 
tails. First, while we have retained the 
Seldinger principle for catheter insertion, 
we have discarded the equipment originally 


described in favor of that which 1s less cum- 





Fic. 8, Dissecting aneurysm of the aorta extending 
I E m 


to the origin of the left subclavian artery. Note 
the double density (upper arrows) and the irregu- 
larity of the distal thoracic aorta (lower arrow). 


5 


Fic. 9. Large saccular aneurysm of the 
descending thoracic aorta. 


bersome and more efficient. Secondly, the 
application of the technique suggested bv 
Berk, is, in our opinion, too limited since it 
applied only to the study of the cerebral 
circulation, 

DeSaussure and Keirns? more recently 
have reported results in 103 arteriographic 
examinations of the cerebral circulation 
using the common carotid artery for cathe- 
ter insertion. Failure to achieve proper 
catheter positioning and successful arteri- 
ography occurred in only § cases. The pres- 
ent technique described differs mainly in 
that its use is extended to visualize the 
proximal aorta and its branches, thus mak- 
ing the procedure applicable to a wider 
varietv of lesions and areas. 

Other investigators have used the trans- 
carotid approach for proximal thoracic 
aortographv following surgical dissection of 
the common carotid artery? This tech- 
nique has the obvious disadvantages inher- 
ent in anv method requiring arterial dissec- 
tion as already noted. 

While the role of thoracic aortography in 
many vascular problems involving the 
proximal aorta has been well established, 
the importance of this diagnostic procedure 
in the study of cerebrovascular insufficiency 
has not been emphasized. As more informa- 
tion from the arteriographic study of pa- 
tients having cerebrovascular insufficiency 
accumulates, it is apparent that the differ- 
entiation between basilar artery and carot- 
id artery insufficiency is not always possi- 
ble on clinical grounds alone.’ Further- 
more, the symptoms of patients having oc- 
clusive disease involving the brachio- 
cephalic branches of the aorta may closely 
mimic those of patients having either basi- 
lar or carotid artery insufficiency. Thoracic 
aortographv may be helpful in localizing 
these more proximal areas of occlusive in- 
volvement in patients having symptoms 
suggestive of cerebrovascular ischemia. 

Haller and Turrell? have indicated that 
satisfactory visualization of the total cere- 
bral circulation is possible by using the 
percutaneous retrograde femoral technique 
for proximal thoracic aortography. In our 
experience, satisfactory delineation of the 
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distal extent and in particular the cerebral 
distribution of the carotid and vertebral 
arteries has not been possible with an arch 
studv alone. Furthermore, evaluation of 
collateral circulation, an important factor 
when considering cerebrovascular ischemia, 
cannot be made accurately when all vessels 
are simultaneously filled. 

In cases where it is desirable to evaluate 
the total cerebral circulation by the use of 
the technique described, the only arteries 
which require additional study are the 
intracerebral distributions of the left com- 
mon carotid and the left vertebral arteries. 
The thoracic aortogram obtained bv the 
technique described has been adequate to 
visualize the origin and the cervical por- 
tions of the left carotid and left vertebral 
arteries. For intracerebral visualization of 
these two arteries, à percutaneous needle 
technique is used for the former and a 
retrograde catheter technique for the latter. 

When consideration is given to a specific 
artery for percutaneous catheter insertion, 
the effects of a possible complicating 
thrombosis must be taken into account. In 
the case of the carotid artery, the occur- 
rence of a thrombosis mav lead to serious 
neurologic damage. We are convinced, how- 
ever, that bv using a teflon catheter of the 
size mentioned in this report the procedure 
can be safely performed. Studies here? with 
the usual injection technique have shown 
that increasing the internal diameter of a 


- catheter bevond .o$g inches results in only 


minor increases in delivery rate of the con- 
trast medium. Moreover, the use of a 
catheter with an over-all diameter greater 
than .083 inch results in greater damage 
to the arterial wall and a higher incidence 
of hematoma formation in the neck. 
Although we have not used the transca- 
rotid technique for coronary arteriography, 
the opacification of these vessels in many 
of the cases suggests that the method could 
be adapted for these studies. The use of 
this technique for abdominal aortography, 
where femoral artery catheter insertion is 
not feasible, has been successful. For ab- 
dominal aortographv the catheter can 
easily be directed, by the guidance of 
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fluoroscopy, into the descending thoracic 
aorta. 


SUMMARY 


Thetechniqueot percutaneous transcarot- 
id thoracic aortography is sate and easily 
pertormed. Its use is particularly applica- 
ble to those patients where the transfemoral 
or transtrachial approaches are not possi- 
ble, but may be employed in other patients 
as the preferred initial route. Diagnostic 
roentgenograms have been obtained in all 
patients studied and no serious complica- 
tions using this technique have occurred. 


ADDENDUM 


Since the preparation of this manuscript, 
thoracic aortography has been performed 
using the described technique in an addi- 
tional 25 patients without complications. 


Luis L. González, M.D. 

Chief, Surgical Service 

Veterans Administration Hospital 
3200 Vine Street 

Cincinnati 20, Ohio 
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COLLATERAL CIRCULATION ASSOCIATED WITH 
OCCLUSION OF THE PROXIMAL SUBCLAVIAN 
AND INNOMINATE ARTERIES* 


By THOMAS H. NEWTON, M.D., and EDWIN J. WYLIE, M.D. 


SAN FRANCISCO, CALIFORNIA 


AS THE aging population increases, cere- 
brovascular occlusive disease becomes 
a greater medical and surgical problem. Re- 
cent advances in reconstructive vascular 
surgical techniques made the need for 
angiographic demonstration of these lesions 
indispensable. 

Systematic angiography of the aortic 
arch and brachiocephalic vessels in patients 
with suspected cerebrovascular disease has 
shown that marked stenosis or occlusion 
of the proximal subclavian artery is rela- 
tively common. 


METHOD 


Recently, at the University of California 
(San Francisco) the aortic arch and its 
branches have been examined angiographi- 
cally in all patients with suspected cerebro- 
vascular insufficiency. The vessels were 
visualized via the percutaneous transaxil- 
lary route as described previously.‘ Usually, 
contrast medium is first injected through a 
catheter inserted into the ascending arch 
of the aorta, using the right transaxillary 
approach. Serial roentgenograms are ob- 
tained with the patient in the anteroposte- 
rior and right posterior oblique positions. 
The catheter is then withdrawn into the 
right subclavian artery to visualize the 
right carotid and vertebral basilar intra- 
cranial circulation. Left carotid arteriog- 
raphy is performed as a separate study. 


MATERIAL 


In the past 8 months, 115 patients with 
symptoms of cerebrovascular insufficiency 
underwent complete angiographic study of 
the aortic arch and its branches. Of these, 
15 (6 women and 9 men) were found to have 


marked stenosis or occlusion of the proxi- 
mal portion of one of the subclavian arter- 
ies. In 1 of the men, in addition, the in- 
nominate artery was occluded. The ages of 
these 15 patients ranged from 44 to 70 
years. Their symptoms included confusion, 
dizzy spells, dysarthria, vertigo, headaches, 
hemiparesis, visual disturbances, and syn- 
copal attacks. Four patients complained of 
easy fatigue of the affected arm. 

A significant difference 1n blood pressure 
in the two arms was observed in all pa- 
tients. Ischemic symptoms in the involved 
hand were noted only in the patient with 
innominate artery occlusion. In all patients, 
however, the pulse in the affected arm was 
weak or absent. The occlusion was seg- 
mental in all instances and the distal sub- 
clavian artery was filed via collateral 
channels. At operation all the occlusive 
lesions were found to have resulted from 
local atherosclerotic disease. Associated 
arteriosclerotic narrowing or occlusion of 
the extracranial carotid or vertebral arter- 
les was noted in most patients (Fig. 1 and 
2/1; Table 1). In only 2 patients was the 
occlusion of the subclavian artery the only 
evidence of significant atherosclerotic dis- 
ease (Case 11 and 12). The proximal sub- 
clavian artery was completely occluded in 
I2 patients. Marked stenosis of the left 
subclavian artery was observed in 4 pa- 
tients. One patient had both an occlusion 
of the right subclavian and a marked steno- 
sis of the left subclavian arteries. Another 
patient (Case 15) had innominate artery 
occlusion and marked stenosis of the left 
subclavian artery. The left subclavian 
artery was involved in 12, and the right in 
4. These observations confirm the previ- 


* Krom the Departments of Radiology and Surgery, University of California School of Medicine, San Francisco, California. 
Presented at the Sixty-fourth Annual Meeting of The American Roentgen Ray Society, Montreal, Quebec, Canada, October 8-11, 
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ously reported higher incidence of left- 
sided subclavian occlusion.” 


COLLATERAL CIRCULATION 


With occlusion of the proximal sub- 
clavian arterv, blood may reach the arm 
bv one of several pathways.’ 


i. REVERSAL OF VERTEBRAL ARTERY BLOOD FLOW 

TO SUPPLY THE DISTAL SUBCLAVIAN ARTERY! 234 
a. Fertebro-zertebral pathway (Vig. 2 
through 4, inclusive). With well dev eloped 
vertebral arteries, a preformed collateral 
E nb one to 0 a don 


je pur e ae RE XD D route 
of collateral low was observed in 12 of our 
patients and represents the most frequent, 
and also, potentially the most dangerous 
pathway. In 1 patient with occlusion of the 
left subclavian arterv, this collateral path- 
wav was observed even though the proxi- 
mal 4 em. of the right vertebral artery was 
occluded. The distal right vertebral artery 
was m by ' เน 
5 e ee a o ps in E d vertes 
bral arterv to supply the left subclavian 
artery beyond a proximal occlusion (fig. 
Sow, Bande 

Normally, the blood pressure is greater 
at the origin of the vertebral artery than 
at the origin of the basilar artery, and the 
blood flows in a cephalad direction. Reivich 
and co-workers® stated that when the mean 
pressure at the origin of the vertebral 
artery equals that of the basilar artery, no 
blood flows through the vertebral artery. 
The flow in the ipsilateral vertebral artery 
ceases when the mean pressure in the distal 
subclavian artery is reduced by only 10 per 
cent. When obstruction 1s more severe and 
further reduces pressure of the distal sub- 
clavian artery, flow in the vertebral artery 
will reverse. Blood then flows from one 
vertebral artery down the other vertebral 
artery into the subclavian artery (Fig. 6). 
By diverting blood from the ver tebrobasilar 
circulation, the reversal of vertebral arterial 
flow may cause symptoms of cerebrovascu- 
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"P -— 


t. Marked stenosis of left subclavian and 
left internal carotid arteries, 


Fic. 


lar insufficiency. With associated arterio- 
sclerotic involvement of the carotid arteries 
which prevents adequate additional blood 
flow to the posterior circulation, the possi- 
bilitv of cerebral ischemia becomes greater. 
One patient could produce cerebr al symp- 
toms by prolonged exercise of the involved 
arm. In this case, the exercise probably 
increased the flow of blood to the arm, 
shunting it awav from the brain. 

b. External carotid-vertebral anastomosis 
(Fig. 7, 4, B and C). In this route, blood 
mav reach the distal subclavian artery via 
anastomoses between occipital branches of 
the external carotid artery and muscular 
branches of the vertebral artery. The fow 
in the vertebral artery is then reversed. 
This pathway was observed in 2 patients 
(Case 4 und 8). It is important to recog- 
nize this collate: al pathway since it may 
give the first clue at carotid arteriogr aphy 
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TABLE I 


ASSOCIATED EXTRACEREBRAL DISEASE IN PATIENTS WITH SUBCLAVIAN ARTERY OCCLUSION 





Subclavian | Common carotid | Internal Carotid | Vertebral 


ge Innom | Artery : Artery | Artery j Artery 


No, | and | inate | 
| Sex | Artery. 


Right | Left | Right Left 0 Right | Left — | 
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1, B and C) Occlusion of proximal right subclavian artery with vertebro-vertel 
way. Minimal narrowing of origin of left vertebral artery. 
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I: 7, B and C) Occlusion of proximal 4 cm. of right vertebral artery, Distal right vertebral artery 
. by communication with thyrocervical trunk. Vertebro-vertebral collateral pathway supplies distal 
left subclavian artery. (Left subclavian artery occlusion shown by aortic arch study.) Collateral connec- 


tion between internal mammary arterie f 
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Vor. gt, No. 2 Collateral Circulation Associated with Occlusion 
lig. 6. Reversal of flow in left vertebral artery with 





failure of filling of basilar artery (proximal left 
subclavian occlusion). 








to the presence of subclavian occlusion. 

c. Internal carotid-posterior communicat- 
ing bastlar-certebral pathway. Theoretically, 
collateral blood flow arising from the circle 
of Willis should occur, but was not ob- 
served in our patients. * 

d. Anastomosis between vertebral arteries 
via their muscular branches. This potential 
pathway, previously reported? was not ob- 
served in our patients. 

Blood flow in a vertebral artery un- 
doubtedly reverses when the proximal sub- 
clavian artery is used in the Blalock opera- 
tion for certain forms of congenital cardiac 
disease. Blood flow in a vertebral artery 
may be reversed even though the proxim: 
vertebral arterv has been occluded sur- 
gically. In these instances, blood flowing 


down the vertebral arterv leaves this vessel 



































Ine. 7. G2, B and C) Collateral connection between occipital branches of external carotid and muscular 
branches of vertebral artery. Reversal of flow in vertebral artery to supply subclavian artery distal to 
occlusion, 
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Vice: and D) Collateral channels between thyrocervical trunks supply distal righ 


ght 
artery. Collateral connections between internal mammary arteries also noted. (Proximal right 
artery occlusion.) 
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by way of its muscular branches. This 
unusual appearance was observed recently 
in 2 patients in whom the left vertebral 
artery had been occluded surgically. One 
had had a previous end-to-side left sub- 
clavian-aortic anastomosis to bypass an 
aortic coarctation. An aortic-arch study 
showed blood flowing down the left verte- 
bral artery to supply the distal subclavian 
artery via the muscular branches of the 
vertebral artery. The other patient aad an 
arteriovenous malformation in the neck. A 
right subclavian arteriogram showed retro- 
grade flow down the surgically occluded 
vertebral artery and its muscular branches 
to supply the arteriovenous malformation. 

In our series, other collateral routes were 
or occlusion of the 
preformed vertebral collateral pathway was 
present. 


2. ANASTOMOSIS BETWEEN THE TWO THYROCERVICAL 
TRUNKS VIA THE INFERIOR THYROID 
ARTERIES (FIG. 8, A-D) 

Anastomotic channels to supply the dis- 
tal subclavian artery mav develop between 
branches of two thvrocervical trunks. Such 
channels were noted to a varving extent in 
6 of our patients. In 1 patient these chan- 
nels appeared to be the major collateral 
pathway to supply the distal subclavian 
artery (Case 14). 

a+ ANASTOMOSIS BETWEEN THE INTERNAL 
MAMMARY ARTERIES (FIG. 8, A-D; AND 9) 

Collateral channels connecting the two 
internal mammary arteries were seen in 4 
patients. In these, reversal of flow in the 


ipsilateral internal mammary artery sup- 
pled the distal subclavian artery. This 


route did not appear to be a major col- 
lateral pathway in any of our patients. 


4. ANASTOMOSIS BETWEEN 
THYROCERVICAL TRUNK 


EXTERNAL 
710 16,4. 


CAROTID AND 
B AND C) 
Collateral channels between the external 
carotid artery and the thvrocervical trunk 
mav develop via the superior and inferior 
thy roid arteries and the ascending cervical 
artery. This pathway was noted in a pa- 
tient with complete occlusion of the proxi- 
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lic. 9. Collateral connections between internal 
mammary arteries with reversal of How in left 
internal mammary artery. (Occlusion of proximal 
left subclavian artery.) 





mal right subclavian artery (Case 13). No 
other collateral channels arising from the 
contralateral side were demonstrated in this 
patient. 


§. ANASTOMOSIS BETWEEN INTERNAL CAROTID 
ARTERIES VIA THE CIRCLE OF WILLIS 
(FIG. 11, A-D) 

Blood flow in the right internal and com- 
mon carotid arteries supplving the right 
arm was reversed in 1 patient (Case 15). 
The innominate artery in this patient 
occluded and the left subclavian artery 
markedly stenosed. Contrast medium in- 


jected into the left common carotid arterv 


ascended to fill the entire intracranial 
circulation. Then, in a retrograde manner, 
the contrast medium flowed down the ก ย์ ก 
common and internal carotid arteries. 
Reversal of flow was also observed in both 
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Vic. 10. C4, B and C) Communications between superior and inferior thyroid arteries supply distal right 
subclavian artery. (Occlusion of proximal right subclavian artery.) 


vertebral arteries which were filled from 
the left internal carotid artery via the circle 
of Willis. Blood flow in the left vertebral 
arterv was reversed to supplv the lett sub- 
clavian arterv distal to the stenosis. This 
patient, therefore, presented an unusual 
phenomenon of reversed flow of blood in 
both vertebral and right internal and com- 
mon carotid arteries. Surprisingly, the pa- 
tient complained onlv of ischemic right up- 
per extremity symptoms and had no neuro- 
logic difficulty. 


DISCUSSION 


Since the atherosclerotic process is usu- 
allv well localized in the subclavian artery 
and thus amenable to direct surgical repair, 
recognition of this entity is important. 
Blood pressure readings of both arms in all 
patients with suspected cerebrovascular oc- 
clusive disease should, therefore, alwavs be 
obtained. Accurate analvsis of the status of 
the entire extracranial vascular tree 1s 
imperative since other associated arterio- 
sclerotic lesions are common. In our ex- 
perience, angiography of the aortic arch 


and of the brachiocephalic vessels is best 
approached via the percutaneous trans- 
axillary route.“ Serial roentgenograms are 
necessary to recognize late retrograde filling 
of the vertebral artery or other collateral 
pathways. Withdrawing the catheter into 
the uninvolved subclavian artery further 
facilitates demonstration of the collateral 
circulation to the involved subclavian 
artery. 


SUMMARY 


Occlusion or stenosis of the proximal 
subclavian artery in 1 5 patients is reported. 
One patient, in addition, had occlusion of 
the innominate artery. Several potential 
routes of collateral circulation to the arm 
are available. The most common and, 
also, potentially the most dangerous, is the 
preformed vertebro-basilar-vertebral path- 
way. Occlusion of the proximal subclavian 
artery may result in reversal of blood low 
down the vertebral artery to supply the 
distal subclavian artery. A diversion of 
blood from the posterior cerebral circula- 
tion results. This syndrome, aptly called 
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‘tg. 11. C4) Occlusion of innominate artery with marked stenosis of left subclavian artery. (Courte 
John C. Bennett.) (B and C) Left common carotid arteriograms. Reversal of flow in right internal and 
common carotid and right vertebral arter es supplies the right subclavian artery distal to innominate artery 


occlusion. Blood flow reversed in left vertebral artery supplies distal subclavian artery. (D) Composite 
drawing of 4, B and C. 
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Fic. 12. C7) Occlusion of the proximal left subclavian artery, With the head turned toward the right, the 
right vertebral artery fills well. The left vertebral artery failed to fill as evidenced by delayed roentgeno- 


grams, (5 and C) With the head turned to the left, the flow in the right vertebral artery is stopped in its 
midportion, Delayed roentgenograms show reversal of low down the left vertebral artery by the carotid. 
posterior communicating basilar artery pathway. In this patient, fow in the left vertebral artery is hin- 
dered by turning the head to the right, whereas the flow in the right vertebral artery is stopped when the 


head is turned to the left. 
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the “subclavian steal" syndrome may, 
therefore, lead to cerebrovascular insufh- 
ciency. It should be suspected in patients 
with cerebrovascular insufficiency when 
blood pressures and pulses in the arms 
differ, and if a localized bruit is present. 
Serial angiograms of the aortic arch and its 
branches are needed for complete evalua- 
tion of these patients. 


ADDENDUM 


Since this manuscript was prepared, 11 
additional patients with occlusion of the 
subclavian artery have been seen; 2 occlu- 
sions were on the right, 9 on the left. One 
of these patients demonstrated collateral 
pathway reaching the distal subclavian 
artery via the circle of Willis. Blood 
flowing up the internal carotid artery was 


diverted to the basilar arterv. Blood flow 
was then reversed in the basilar and ver- 
tebral arteries to reach the distal subclav- 
ian artery (hig. 12, 4-C). In a group of 
200 patients with cerebrovascular occlusive 
disease, complete subclavian artery occlu- 
sion was present in 22 (1 bilateral) (11 per 
cent), whereas vascular narrowing of more 
than so per cent was noted in 26 (13 per 
cent). In 32 patients (16 per cent) stenosis 
was of lesser degree. 

Thomas H. Newton, M.D. 

Department of Radiology 


University of California Medical Center 
San Francisco 22, California 
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THE SUBEPENDYMAL VEINS OF THE 
LATERAL VENTRICLES* 


By BERNARD S. WOLF, M.D., and YUN PENG HUANG, M.D. 


NEW YORK, NEW YORK 


T importance of the deep cerebral 
veins in cerebral angiography, specifi- 
cally the internal cerebral vein and its 
major tributaries, has been emphasized by 
several authors.*:®* Of the subependymal 
veins, the chief tributaries—the striotha- 
lamic vein and the vein of the septum 
pellucidum—are well known. Little atten- 
tion has, however, been paid to other sub- 
ependymal veins, particularly those in the 
walls of the atrium, the posterior and infe- 
rior horns. The only vessel of this group 
which has been clearly noted angiograph- 
ically was described by Johanson? as the 
“vein of the posterior horn.” This vessel 
was described previously anatomically by 
Browning.! The description by Browning of 
the subependymal veins of the lateral 
ventricles is extraordinarily complete. Un- 
fortunately, much of the terminology that 
he coined is awkward and has not been 
generally accepted. Nevertheless, the vari- 
ous veins described by him and other 
authors^? can often be identified in the 
venous phases of cerebral angiography and 
are of considerable use diagnostically. Since 
no arteries accompany these veins, the 
ability on angiography to determine the 
position of the ventricular walls depends on 
the recognition of the subependymal veins. 

The striothalamic vein is the most popu- 
lar name for the prominent vessel located 
in the striothalamic sulcus in the anterior 
portion of the body of the lateral ventricle. 
This vein runs forward, downward and 
medially through the posterior superior 
margin of the foramen of Monro to join 
the internal cerebral vein. The junction, in 
the anterior end of the velum interpositum, 
is shared with the vein of the septum 
pellucidum and the superior choroidal 
vein. The striothalamic vein is formed by a 


posterior tributary, running forward along 
the stria terminalis, often designated as the 
posterior terminal vein,*? and by anterior 
tributaries from the surface of the head of 
the caudate nucleus. The anterior tributary 
has been designated by some authors*8 as 
the anterior terminal vein but this designa- 
tion has been criticized on the basis that 
the stria terminalis does not extend into the 
frontal horn.’ It is nevertheless convenient 
to have separate designations for the indi- 
vidual tributaries and the stem of this 
striothalamic system of veins. We have 
therefore continued to refer to the vein 
along the stria terminalis as the posterior 
terminal vein while designating anterior 
tributaries as anterior caudate veins. The 
term anterior caudate vein is also not 
without objection since the major anterior 
tributary of the striothalamic trunk often 
runs in the superior lateral corner of the 
frontal horn, a short distance above the 
head of the caudate nucleus. Veins running 
longitudinally in this corner of the frontal 
horn and body of the ventricle have been 
designated longitudinal caudate veins.*? 
These consist of several or multiple chan- 
nels to which numerous small intra- 
cerebral veins converge as a “venous 
fountain.”* The longitudinal caudate vein 
in the frontal horn is usually a tributary of 
the striothalamic stem. In the body, the 
longitudinal caudate veins drain downward 
by multiple channels ("transverse caudate 
veins") into the posterior terminal vein or 
more directly into the internal cerebral 
vein. 

In a previous report,’ it was indicated in 
diagrammatic fashion that the posterior 
terminal vein may extend as a single con- 
tinuous channel throughout the entire 
length of the stria terminalis, that is, from 


* From the Department of Radiology, The Mount Sinai Hospital, New York, New York, 
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the interventricular foramen in the body 
of the ventricle through the atrium and 
down into the temporal horn. While the 
extent of the posterior terminal vein is 
variable, this vessel is usually short and 
rarely extends as tar posteriorly as the 
atrium. A classification of the subepen- 
dymal veins based on this vessel as the 
major longitudinal collecting channel 
therefore not suitable. Moreover, the veins 
in the roof and medial wall of the lateral 
ventricle form an entirely separate group, 
totally unrelated to the stria terminalis. 
For purposes of a systematic classification 
of the subependymal veins, it is therefore 
simpler to consider a large posterior ter- 
minal vein as an alternative rather than as 
a primary or major venous channel. On 
this basis, local or discrete veins in each 
portion of the ventricular system are con- 
sidered to form the basic or prototvpe 
pattern into which variations can be 
easily fitted. 

The subependymal veins of the lateral 
ventricles (Fig. 1, 4 and B; and? 2, . 7 and B) 
mav be classified'into two main groups, 
namelv, a medial group and a latera! group. 
The use of the terms medial and lateral are 
not entirely self-explanatory and require 


some comment. Because of the bending of 


the lateral ventricle that occurs during de- 
velopment, the roof of the temporal horn 
is continuous with the lateral wall of the 
atrium and the body of the ventricle, while 
the floor of the temporal horn corresponds 
to the medial wall of the atrium and bodv. 
In cross-section (Fig. 25), the temporal 
horn is a curved cleft with the convexitv 
superiorly, having a roof and a floor and 
no significant medial or lateral walls. The 
roof contains in its medial portion the 
lamina affixa and the stria terminalis and, 
more laterallv, the tail of the caudate 
nucleus and the white matter of the tape- 
tum. The floor contains the projecting 
hippocampus medially and the collateral 
eminence laterally. 
the temporal horn is formed by the cho- 
roidal fissure or the cleft between the stria 
terminalis above and the fimbria and the 


Subependymal Veins of the Lateral Ventricles 


The medial border of 
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fornix below. The choroid plexus with 
associated pial tissue, veins and arteries 
passes through the cleft. The lateral border 
of the temporal horn is a sulcus between the 
roof and the collateral eminence of the 
floor. The posterior horn of the lateral 
ventricle is a late extension of the develop- 
ing ventricle into the occipital lobe and the 
subependymal veins in the posterior horns 
are tributaries of adjacent atrial veins. 
Since the posterior horn is derived essen- 
tially from the medial wall of the embry- 
onic lateral ventricle, almost all of the sub- 
ependymal veins in this area drain into 
the medial group of vessels. In the radio- 
logic literature, as in this report, the portion 
of the ventricle behind the thalamus and 
fornix is conventionally divided into atrium 
and posterior horn. In anatomic texts, 
however, the atrium is usually included in 
the “posterior horn." 

The two groups of subependy mal veins 
mav be subdivided into those related to the 
frontal horn, the bodv, the atrium, and the 
inferior horn (Fig. 1, 4 and 5). While it 
would be possible to refer to these veins 
simply as subependvmal veins of each of 
these regions, there are vessels in each area 
with sufficiently characteristic appearances 
to be given more 0 designations (lig. 
3, A D; and 4, 4-D). 'The medial group of 
subependvmal veins includes: (1) in the 
frontal horn, the "vein of the septum pel- 
lucidum"; (2) in the bodv of the ventricle, 
posterior septal or direct medial veins; (3) 
in the atrium, “the medial atrial vein"; 
and (4) in the inferior horn, veins of the 
hippocampus. The lateral group includes: 
(1) in the frontal horn, anterior caudate 
veins; (2) in the bodv, the "direct lateral 
vein"; (3) in the atrium, "the lateral atrial 
vein"; and (4) in the inferior horn, "the 
inferior. ventricular vein." All of these 
veins are not present as large channels in 
anv given case and the borders between 
drainage areas are not as sharply defined 
as this classification might suggest. 

In the frontal horn, the medial group of 
vessels is represented by the well known 
vein of the septum pellucidum. There is one 
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such large trunk on each side of the septum rostralis, along the line of attachment of 
pellucidum. Numerous tributaries of this the septum to the peduncles of the corpus 
vessel arise in the anterior wall and roof callosum and septum pellucidum (Fig. 
of the frontal horn and progressively unite 1. 4). The vein then enters the anterior end 
to form a single trunk. The trunk runs of the internal cerebral vein in conjunction 


directly backward, well above the lamina with the striothalamic trunk and the supe- 








À Medial Group Lateral Group 
B 


lic. 1. Diagrammatic representation of the two groups of subependyvmal veins of the lateral ventricles. The 
intraventricular portions of these veins are drawn in solid fashion and the extraventricular unshaded. 
GT) Medial group. The vein of the septum pellucidum (1), two posterior septal, callosal, or direct 
medial veins (2, 2), the medial atrial vein composed of three main tributaries (3, 3, 3), and small veins 
of the hippocampus (4) are illustrated. The larger and more anterior of the two septal veins runs downward 
lateral to the column of the fornix to join the internal cerebral vein behind the foramen of Monro. The 
smaller posterior septal vein runs downward between the two halves of the body of the fornix to join the 
internal cerebral vein. The most posterior of the tributaries of the medial atrial vein arises in the medial 
wall and roof of the posterior horn. The tributaries of the medial atrial vein leave the ventricle, Ze., the 
subependymal region to enter the subarachnoid space, along the medial attached border of the fornix. 
A common stem is formed outside the ventricle. The multiple small transverse veins of the hippocampus 
leave by passing through the medial attached border of the fimbria of the fornix and join a longitudinal 
collecting vein (5) adjacent to the dentate gyrus. This vein is shown joining the posterior end of the internal 
cerebral vein or the vein of Galen, Labeled structures include the genu of the corpus callosum (G), the 
septum pellucidum (SP), the anterior commissure (AC), the interventricular foramen (M), the four por- 


tions 2r E fornix (shaded). c UL (Fy) บ , body (Hr d POSEN OF pillar (e as and LUE (F ป่ ว the D 


es ól F the to ub Mer gv rus. T "he a 0 area ee d stem of aw velo 
the septum pellucidum hes between the lamina rostralis of the genu and the column of the fornix. je B 
composed of the so-called peduncles of the corpus callosum and septum pellucidum and the septum per $ 

is attached along 1ts upper margin. 

(B) Lateral group. The medial wall and the roof of all portions of the lateral ventricles have been re- 
moved. The structures remaining are shown as viewed from behind and above. The caudate and amygda- 
loid nuclei are shaded on the right; the thalamus is shaded on the left. On the right side, three veins of 
the lateral group are shown--an anterior caudate vein (1), the direct lateral vein (2), snd the lateral 
atrial vein (3). On the left side, the anterior caudate vein (1) runs above the head of the caudate nucleus 
and Joins the eis terminal vein (5) to form the striothalamic stem (6). On this side, a large inferior 
ventricular vein (4, 4) is shown arising along the upper or lateral border of the tail of the caudate nucleus 
and extending into the temporal horn. This vein receives small twigs from the tip of the temporal horn (7) 
as it turns medially to enter the basal vein. Note that all the veins of the lateral group run deep to the stria 
terminalis. Labeled structures include the caudate nucleus (CN), the stria terminalis (ST), the pulvinar of 
the thalamus (P), the thalamus (Th), the amy gdaloid nucleus (. Am), the lateral wall of the atrium (At), 
the basal vein (BV), the internal cerebral vein (ICV), and the superior lateral corner of the body of che 
ventricle (L), 
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Fic. 2. Coronal cross-sections to indicate the different modes of exit of the medial and lateral subependymal 


veins, 

(A) Section through the posterior portion of the bodies of the lateral ventricles. The velum interpositum 
(hatched) intervenes between the fornix (shaded) and the thalamus on each side and continues laterally 
through the choroidal fissure into the choroid plexus of the lateral ventricle. Labeled structures include the 
thalamus (Th), the body of the fornix (Fi, the caudate nucleus (CN), the stria terminalis (ST), the lamina 
affixa (LA), the tenia thalami (TT), the tenia of the fornix (TE), the corpus callosum (CC), and the 
internal cerebral vein (ICV). On the reader's left, a posterior septal or direct medial vein is shown 
beginning in the roof (1) of the ventricle, turning down in the septum pellucidum (2), and perforating (3) 
the fused portions of the two halves of the body of the fornix, The vein then enters the velum interpositum 
and runs directly downward into the internal cerebral vein. A small twig (4) from the fornix runs upward 
to join this vein at the upper margin of the fornix. On the reader’s right, a direct lateral vein (6) isillustrated. 
This vessel is shown as continuous with a transverse caudate vein (5) beginning in the superior lateral 
corner of the ventricle. The vein then runs medially underneath the stria terminalis, the lamina affixa, 
and the tenia choroidea to enter the velum interpositum and continues over the thalamus to reach the 
internal cerebral vein. 

(B) Section through the inferior horn behind the amygdaloid nucleus and uncus. Labeled structures 
include the tapetum (T), the caudate nucleus (CN), the stria terminalis (ST), the lamina affixa. (LA), 
the optic tract (OT), the lateral geniculate body (LG), the tenia choroidea (TC), the tenia fimbria (TF), 
the fornix (F), the hippocampus (H), the dentate gyrus (DG), the fimbriodentate sulcus (FD), the hippo- 
campal fissure (HE), the hippocampal gvrus (HG), the wing of the ambient cistern (AC), the collateral 
eminence (CE), the collateral fissure (CF), the basal vein (BV), and the arachnoidal reflection (AR) 
from the hippocampal gvrus. A small transverse subependymal vein (1, 1) on the hippocampus runs 
medially below and through the attached portion of the fornix to leave the ventricle and appear in the 
fimbriodentate sulcus. A small pial vein (2) arises deep in the hippocampal fissure. These veins join 
a longitudinal hippocampal vein (3) adjacent to the dentate gyrus. The inferior ventricular vein (4) 1s 
shown in cross-section as it runs forward in the roof of the temporal horn lateral to the caudate nucleus. 
A tributary (5) arising in the lateral corner of the inferior horn extends medially in the roof to join this 
vein. When the inferior ventricular vein reaches a plane anterior to this section, it loops medially and 
backward and therefore appears a second time (6) in this section. The looped anterior portion of this vessel 
is indicated in dashed fashion (between 4 and 6). This vessel leaves the ventricle deep to the stria termi- 
nalis, lamina affixa, and tenia choroidea to join the basal vein. Note that the mode of exit of the transverse 
hippocampus veins is similar to that of the direct medial vein of the body while the inferior ventricular 
vein resembles the direct lateral vein. 


rior choroidal vein. As this vein approaches 
this junction, it runs lateral to the anterior 
pillar or column of the fornix. In addition 
to this major vessel, there are other small 


veins or veinlets deeper in the septum 


column of the fornix to enter the internal 
cerebral vein independently of the major 
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A Medial Group B Medial Group a 





C Medial Group b D 


Fic. 5. Idealized appearance of the medial group of subependymal veins as they might be seen on an angio- 
gram. The intraventricular portions are drawn in solid fashion and the extraventricular unshaded. 

(4) Base view. Two different arrangements are illustrated (a and b). In a, the fornix (F) is shaded. 
On this side, the typical appearances of the vein of the septum pellucidum (1), posterior septal or callosal 
veins (2,2), medial atrial tributaries from the roof and medial wall of the atrium and posterior horn (3,3,3), 
and veins of the hippocampus (4) are shown. The veins of the hippocampus join the extraventricular 
longitudinal hippocampal vein along the dentate gyrus. The usual course of the basal vein (BV) is also 
indicated. In b, a long anomalous vein of the septum pellucidum (1) is illustrated entering the posterior 
portion of the internal cerebral vein. A small posterior septal vein (2) joins the main septal vessel. On this 
side, the tributaries (3,3,3) making up the medial atrial vein are shown as draining a larger area, including 
a portion of the bodv of the ventricle. The internal cerebral vein (ICV) and the vein of Galen (G) are 
also labeled. 

(B) Lateral view of arrangement a of the medial group of subependy mal veins. The same vessels shown 
in the base view are illustrated 1n this projection. The small transverse hippocampal veins (4) are seen 
almost on end. The longitudinal hippocampal vein is shown as joining the basal vein (BV) both anteriorlv 
and posteriorly, 
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vein of the septum pellucidum. In the 
terminology of Browning, these small 
veinlets were designated as true septal 
veins, while the vein of the septum pellu- 
cidum was designated by this author as the 
anterior ventricular vein. While these 
names mav have greater validitv, it would 
seem desirable to continue to use the 
term “vein of the septum pellucidum” in 
its current sense since the veinlets within 
the septum are not important angiographi- 
callv. It is nevertheless of interest that 
there are two groups of veins in the septum 
pellucidum, oneimmediately subependy mal 
on the ventricular side and a seconc, more 
deeply located, in the septum pellucidum, 
and to note that these vessels enter the 
velum interpositum in a different fashion 
in relationship to the column of the fornix. 
The deep veinlets drain the septum itself 
while the vein of the septum pellucidum 
drains a large portion of the frontal pole 
of the cerebral hemisphere. The angio- 
graphic appearance of the septal vein has 
been previously described in detail?*9? It 
might be noted, however, that this vein 
often enters the internal cerebral vein 
posterior to the foramen of Monro and 
that it mav run for a considerable distance 


and B) well above the level of the inter- 
nal cerebral vein. A vein of this latter type 
joining the posterior portion of the internal 
cerebral vein from above enters the velum 
interpositum between the two halves of the 
bodv of the fornix. 

The medial group of veins in the body of 
the ventricle originate in the roof, run 
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medially and then downward in the rapidly 
diminishing septum pellucidum behind the 
interventricular foramen. These veins are 
usually small (Fig. 6.4) and correspond in 
their septal course to the deep twigs or 
veinlets in the anterior portion of the 
septum pellucidum, that is, they run be- 
tween the two halves of the fornix to enter 
the velum interpositum. There may, how- 
ever, be a relatively large septal vein 
(Fig. 6B) a short distance behind the fo- 
ramen of Monro which enters the internal 
cerebral vein by running lateral to the 
junction of the column and body of the 
fornix. The medial group of veins in the 
body of the ventricle have no generally 
recognized specific name. Browning re- 
ferred to these vessels as "anterior and 
posterior internal callosal veins" since 
their drainage area appears to consist pri- 
marily of adjacent portions of the corpus 
callosum. They might be designated “‘pos- 
terior septal veins" in contrast to the more 
anteriorlv located vein of the septum pel- 
lucidum. Since these vessels run essentially 
in the frontal plane, they might also be 
designated “direct medial veins" corre- 
sponding in terminologv to the "direct 
lateral vein” to be described below. 

The medial wall of the atrium usually 
shows a prominent vein formed by several 
tributaries (Fig. 7, 4 and B; 8, 4 and B; 
and 9, Æ and B). The most anterior of these 
tributaries often arises in the roof of the 
posterior portion of the body of the ventri- 
cle while the most posterior tributary orig- 
inates in the medial wall or roof of the 
posterior horn. These tributaries form a 


(C) Lateral view of arrangement b. The anomalous vein of the septum pellucidum (1) has a striking 
appearance in this projection. The anterior tributary of the medial atrial vein (3) arises in the roof of the 


posterior portion of the body of the ventricle. 


(D) Anteroposterior view of the two sides. In a, the hippocampus is shaded and the longitudinal 
hippocampal vein (HV) and basal vein (BV) are indicated. The internal cerebral vein and the vein of 
Galen (not drawn) ordinarily obscure the central portions of the veins of the septum pellucidum (1,1) and 
posterior septal veins (2,2). The medial atrial venous tributaries (3) shown ina, begin more posteriorly than 
those shown in b, and therefore differ somewhat in appearance. 
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C Lateral Group d D 


Fic. 4. Idealized angiographic appearance of the lateral group of subependymal veins. The intraventricular 
portions of the veins are solid, the extraventricular unshaded. 

(4) Base view. Two different arrangements (c and d) are shown. In c, the thalamus is shaded. On this 
side, a small anterior caudate vein (1), a direct lateral vein (2), a lateral atrial vein (3), and small twigs 
(7) from the roof of the tip of the temporal horn are shown. A small posterior terminal vein (5) joins the 
anterior caudate vein near the foramen of Monro to form a short striothalamic stem (6). In d, the caudate 
nucleus and the amygdaloid nucleus are shaded. On this side, two anterior caudate veins (1,1) are shown. 
The more medial of these veins is located on the lower aspect of the head of the caudate nucleus. The more 
lateral lies superiorly above the caudate nucleus. The latter vein Joins the posterior terminal vein (5) in 
the floor of the lateral ventricle to form a relatively long striothalamic stem (6) which receives the other 
caudate vein near the foramen. A large inferior ventricular vein (4, 4) is shown running lateral to the 
caudate nucleus into the temporal horn. This vessel receives the small temporal tip veins (7) as it turns 
medially through the anterior end of the choroidal fissure to enter the basal vein. Labeled structures include 
the caudate nucleus (CN), the amygdaloid nucleus (Am), the thalamus (Th), the basal vein (BV), the in- 
ternal cerebral vein (ICV) and the vein of Galen (G). 

(B) Lateral view of arrangement c, showing the same vessels—anterior caudate vein (1), posterior 
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Fic. £. Anomalous vein of the septum pellucidum. 

(.f) Lateral projection. The vein of the septum pellucidum begins in its characteristic location by the 
union of several tributaries from the anterior wall of the frontal horn (1), extends backward in an arcuate 
configuration with convexity superiorly (2), and joins the internal cerebral vein posteriorly (3). There 
is a large striothalamic vein (4) which joins the internal cerebral vein at about its mid-portion well behind 
the foramen of Monro. In this view, the anterior caudate vein (4) appears to be in line with the internal 
cerebral vein but is actually more laterally located. 

(B) Anteroposterior projection shows overlapping superficial veins. However, because of the slight 
obliquity, the anomalous vein of the septum pellucidum (arrows 1,2,3) can be seen and has a hairpin 
configuration. It begins anteriorly (1), anc runs up and then down (2) to join the posterior portion of the 
internal cerebral vein (3). The striothalamic vein (4) and the anterior caudate vein (5) join to form a short 
transverse striothalamic stem which runs medially to the internal cerebral vein. A horizontal course of 
this tvpe is typical of the striothalamic vein when it enters the internal cerebral vein behind the foramen 
of Monro. Several small longitudinal caudate veins (6) outline the superior lateral corner of the frontal 
horn. 


converging pattern and unite into a short 
common stem which runs transverselv to 
join the posterior end of the internal cere- 
bral vein. The various tributaries form a 
series of vessels which perforate the thin 
wall of the ventricle along the medial 
aspect of the body and posterior pillar of 


the fornix (Fig. r0) and form a common 
stem below the splenium. In the lateral 
projection, the anterior tributary of this 
vein runs downward and backward, the 
middle tributary almost vertically, and the 
posterior tributary downward and for- 
ward. The posterior tributary often has a 


terminal vein (5), striothalamic stem (6), direct lateral vein (2), lateral atrial vein (3) and temporal tip 


twigs (7). 


(C) Lateral view of arrangement d. The two anterior caudate veins (1,1), posterior terminal vein (4), 
striothalamic vein (6), inferior ventricular vein (4) and temporal tip twigs (7) are indicated. The superior 
of the two caudate veins may be considered to be part of the longitudinal caudate system. 

(D) Anteroposterior view of the two arrangements of the lateral group of veins. In d, the caudate 


z x 


nucleus (CN) is shaded. In c, the anterior caudate vein (1), the direct lateral vein (2), the lateral atrial 


vein (3), and the tip twigs (7) are shown. In d, the two anterior caudate veins (1,1) can be seen to havea 
rather marked difference in appearance. The terminal vein (5) arises posteriorly in the striothalamic sulcus. 
The large inferior ventricular vein (4) has a typical course. The tip veins on this side (7) join the inferior 


ventricular vein. 
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Fic. 6. Posterior septal veins, 

(4) Lateral projection. Several small posterior septal veins (1,2,3) run downward to enter the posterior 
portion of the internal cerebral vein. The most posterior of these (3) might also be considered to belong 
to the medial atrial group of veins. À large vein from the posterior horn (4) is in line with this series of 
vessels. Several veins belonging to the te al group of subependy mal veins are also seen. Small twigs (5) 
form a lateral atrial vein which runs downward and forward to join the basal vein. The anterior nu date 
vein enters (6) the internal cerebral vein independently of and behind the entrance (7) of the posterior 
terminal vein. At the apparent point of crossing of the caudate and terminal veins (8), the posterior termi- 
nal vein is located in the floor of the ventricle while the caudate vein is near the mid-line. The vein of the 
septum pellucidum joins the posterior terminal vein in typical fashion (7). 

(B) Lateral projection. Patient with a moderate degree of hydrocephalus. The tributaries and the 
main stem (1) of the vein of the septum pellucidum show a typical but somewhat stretched appearance. 
The anterior caudate vein (2) arises above the caudate head and unites with a long posterior terminal 
tributary (3) to form a typical striothalamic stem. A large poster lor septal. vein (4) runs directly downward 
to join the internal cerebral vein a short distance posterior to its origin. There 1s also a prominent medial 
atrial vein (5) with a characteristic tributary from the posterior horn (6). A horizontal vein (7), possibly 


from the thalamus, runs posteriorly to join the basal vein (8). 


very characteristic configuration. It begins 
in the e posterior horn and runs upward and 
forward in a rather straight course cor- 
responding to the root B the posterior horn. 
It then turns sharply downward at the 
junction of the posterior horn with the 
atrium. This angulation is quite constant 
and useful ก ล When there is a 
single large tributary from the posterior 
horn , it can conveniently be designated as 
the vein of the posterior horn. The vein 
designated by Johanson? as “the vein of the 
posterior. horn" includes not only this 
vessel but the other tributaries of the 
medial atrial vein as well. In the antero- 
posterior projection (lig. 75, 85 and 9B), 
the tributarv from the posterior horn also 
has a characteristic appearance. It begins 
posteriorlv at some distance from the mid- 
line and extends toward the mid-line with 
à typical curved course convexity directed 
medially and superiorly. The more anterior 


tributaries of the medial atrial vein in this 
projection show a more horizontal course 
and more acute angulation as they turn 
downward toward the mid-line. The num- 
ber and size of the tributaries of the medial 
atrial vein are variable. Occasionally, 
several small veins (Fig. 11, 4 and B) 
running more or less horizontally forward 
to join the posterior end of the internal 
cerebral vein are present. In other in- 
stances, the vessel may be quite large and, 
in the presence of hydrocephalus, may 
have a very striking appearance (Fig. 9, 
A and 8). 

The veins in the floor of the temporal 
horn rarely form a single large trunk. 
They are represented by numerous small 
veins on the surface of the hippocampus 
(Fig. 10; and 11, 4 and B) which run 
transversely underneath the fimbria of the 
fornix to appear outside the ventricle on 
the dentate gyrus. A small longitudinal 
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lic. 7. Typical medial atrial vein. 

(4) Lateral projection, Three main tributaries (1,2,3) unite to form a short stem (5) which joins the 
internal cerebral vein near its junction with the great vein of Galen. The anterior tributary (1) arises in 
the roof of the body of the lateral ventricle. The central tributary (2) arises in the roof of the atrium. 
The posterior tributary (3) on the medial wall of the atrium also drains a vein from the posterior horn (4). 
Typical anterior caudate and posterior terminal veins unite (6) to form a striothalamic stem. 

(B) In the anteroposterior projection, the tributaries of the medial atrial vein (1,2,3) form a con- 
tinuous series. The most posterior (3) begins in the posterior horn (4) and shows a tvpical arcuate course 
with convexity medially as it runs toward the mid-line. A short distance medial to this tributary, the 
middle branch (2) can be faintly seen and, just medial to this is the anterior branch (1). The largest vose| 
in this projection is the striothalamic vein (6). A transverse vein (7) joining the vein of Galen posteriorly 
is an external or superficial medial occipital (calcarine) vein. This vessel can be seen only faintly in the 
lateral protection. 





Fic. 8. Typical medial atrial veins. 

(4) Lateral projection, Three main tributaries or medial atrial veins begin in the roof of the body (1), 
of the atrium (2), and posterior horn (3). TI nese veins appear to join the posterior end of the internal 
cerebral vein independently. A prominent anterior caudate vein (4) runs backward and downward over 
the head of the caudate nucleus and joins the internal cerebral vein behind and independently of the 
posterior terminal vein. The septal vein (5) is small. The tortuous vessel (6) Joining the posterior end of 

the great vein of Galen isa superficial vein in the calcarine fissure. 

(5) In the anteroposterior projection, the three medial atrial veins (arrows 1,2,3) form a continuous 
series. The most anterior is also the most medial while the most posterior is the most lateral. The promi- 
nent anterior caudate vein (4) receives several tributaries from the longitudinal caudate veins (7). The 
septal vein (5) can be faintly seen. 
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one “0 (2). The posterior tri EN [o in be sar nde Um (3) and pU wien s acutely dow 
ward and forward (4) at the junction of the posterior horn w n the atrium. The anterior tributary begi 


rather far forward in the roof of the body 


of the ventricle (5). 


The over-all stretching of these vesse 


is obvious. The striothalamic vein receives a long anterior vein. 


(B) In the anteroposterior projection, the vein of the posterior horn (3) 


extends upward along tl 


medial wall to the roof (4). At this point, this tributary turns and runs medially to the mid-line in tl 


roof and medial wall of the atrium (2). 


The large anterior tributary is clearly seen only in its poster? 


downward course (1). This vein lies close to the mid-line and 1s evident only because of shght rotation 


the head. 


collecting vein is present adjacent and 
parallel to the course of the dentate gvrus 
which may join the basal vein anteriorly 
or, more commonly, extend posteriorly to 
join the internal cerebral or basal vein. 
This longitudinal collecting vessel also 
receives small tributaries from the sub- 
stance of the hippocampus, from the 
uncus, and the hippocampal gyrus, that 
is, from the "hippocampal formation." 

These veins as a group may be referred to 
as the hippocampal venous formation. 
Manv of the small transverse tributaries 
join the longitudinal trunk at a right angle 
simulating the appearance of a rake. T his 
rake appearance of the venous pattern has 
also been noted within the substance of the 
hippocampus.’ Angiographically, because 
of the small size of these vessels, they are 
rarely seen as discrete trunks. Occasionally, 
however, portions of the hippocampal 
venous formation can be identified. In a 
rare instance, the vein paralleling the 


course of the dentate gvrus may be extrao 
dinarily large and appears to replace tt 
nor] basal vein (Fig. 10; and 12, 4 an 
B). 

The lateral group of subependy mal ven 
is represented in the frontal d by tl 
anterior caudate veins (Fig. 4, d- 1- D). Pa 
ticularly in the anteroposterior projec tio 
it may be difficult to distinguish these veii 
from tributaries of the septal vein. In the la 
eral view, the largest branch usuallv aris: 
above the head of the caudate nucleus. Th 
vein has a typical curved course, co: 
vexitv posteriorly , ind joins the posteri 
terminal vein in the floor of the later 
ventricle along the stria terminalis (Fi 
6B and 74). A large anterior caudate ve 
may enter the internal cerebral vein ind 
pendently ' of the posterior terminal ve 
(Fig. 84). Minor variations in this unic 
are not uncommon (Fig. $2 and Be ar 
64). Rarely, an anterior caudate vein m: 


join a septal vein to form a separate trur 
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Fic. 10. Diagrammatic representation of the anatomic relationships of the medial atrial veins and veins of 
the hippocampal formation, The view is from the front after removal of the anterior portion of the lateral 
ventricle, the thalamus and the brain stem. In 2 rough way, the structures in this figure may be visualized 
as fitting behind the structures shown in Figure 1B. Labeled structures include the stem of the medial 
atrial vein (MAV), the longitudinal hippocampal vein (HV), the basal vein (BV), the internal cerebral 
vein (ICV), the great vein of Galen (G), the deep middle cerebral vein (DMCV), the peduncular vein 
(PV), the cingular gyrus (CG), the isthmus of the gyrus fornicatus (IGF), the corpus callosum (CC), the 
bulb of the atrium and posterior horn (B), the calcar avis (CA), the inferior fasciculus (IF) of the forceps 
major, the tenia fimbria (TF), the cavity of the inferior horn (IFD, the collateral eminence (CE), the col- 
lateral fissures (CF), the fornix (F), the hippocampal gyrus (HG), the dentate gyrus (DG), the superior 
oceipito-frontal fasciculus (SE), the tail of the caudate nucleus (CN), the stria terminalis (ST), the chor- 
oidal fissure (CF), and the hippocampus (H). The central portion of the splenium has been removed to 
expose the great vein of Galen and the veins joining it. On the reader's right, four veins from the medial 
wall of the atrium are illustrated appearing extraventricularly along the medial margin of the fornix. 
These combine to form a short stem (MAV) which runs medially, downward and forward to join the poste- 
rior portion of the internal cerebral vein. Numerous small transverse veins over the hippocampus (H) 
also exit along the medial margin of the fmbria of the fornix to join a longitudinal stem (HV) which runs 
parallel to the dentate gyrus. This vein is shown joining the basal vein both anteriorly and posteriorly. On 
the reader's left, a similar but larger longitudinal vein (HV ) is shown which may replace the basal vein. 
Note the broad superior surface of the hippocampal gyrus. The basal vein usually runs in relationship to 
the medial border of this surface and its continuation into the isthmus gyrus fornicatus. 


(Fig. 13, 4 and B), which runs for some 
distance below the internal cerebral vein 
before entering it. 

In the body of the ventricle, the proto- 
tvpe vein of the lateral group is the vessel 
described by Browning as the "direct 
lateral vein." This vessel may be quite 
prominent when the posterior terminal 


vein is small (Fig. 14; and 15, 4 and B). 
In such instances, the anterior tributary of 
this vessel may replace the posterior 
terminal vein. The direct lateral vein re- 
ceives several tributaries from the lateral 
wall of the posterior portion of the body 
of the ventricle and occasionally from the 
adjacent lateral wall of the atrium. The 
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Fic. 11. Posterior horn and hippocampal veins. 

(4) Lateral projection shows several small medial atrial veins (1) beginning in the posterior horn and 
extending forward in the wall of the atrium. In addition, there is a small vessel (2) in the posterior portion 
of the floor of the inferior horn which also begins in the posterior horn but extends directly forward. Several 
irregular faintly seen vessels in the floor of the temporal horn extend for some distance in front of and in 
line (3 to 4) with this latter vessel. A common stem is formed (4) which then extends upward and backward 
(partially obscured by the basal vein) to join the medial atrial vein (5). This stem and the junction with 
the medial atrial vein lie outside the ventricle. The small veins in the floor of the temporal horn (veins of 
the hippocampus) are part of the medial group of veins since their mode of exit deep to the fornix is similar 
to the medial atrial veins and these vessels may communicate with each other. 

(B) Anteroposterior projection shows a small channel (4 to 5) extending backward and medially in an 
arcuate configuration. This longitudinal hippocampal vein runs outside the ventricle parallel to the 
dentate gvrus. Multiple short vessels on the ventricular aspect of the hippocampus Join this stem at a 


right angle, suggesting a rake appearance. 





Fic. 12. Longitudinal hippocampal vein replacing the basal vein. 

(4) Lateral projection shows a large vein beginning in the usual location of the basal vein (1) above the 
sella turcica and extending backward in rather typical fashion. The terminal portion of the vessel, how- 
ever, is unusual for the normal basal vein since it ascends to a point (2) above the level of the internal 
cerebral vein and then loops forward and downward to join the posterior end (3) of the internal cerebral 
vein. 

(B) In the anteroposterior projection, there is less resemblance of this vein to the normal basal vein. 
While it appears to begin (1) by draining the transverse trunk of the deep middle cerebral vein (4) and 
runs upward and backward, it is located unusually far laterally (4). As a result, this vein has a long trans- 
verse course posteriorly (2) and it runs medially to join the internal cerebral vein (3). Since the basal 
vein of the opposite side is faintly visualized (6), the difference in the courses of these two vessels is clearly 
demonstrated. 
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Fic. 13. Anomalous anterior caudate and septal veins. 

(4) In the lateral projection, an anterior caudate vein (1) and a septal vein (2) join in the region of 
the foramen of Monro to form a common stem (3) which runs backward below the internal cerebral vein 
to join the posterior portion of this vein (4). The main septal vein (s) joins the internal cerebral vein a 
short distance behind its anterior end. Additional anterior caudate veins (6) Join the striothalamic vein in 
typical fashion. A characteristic medial atrial vein is present. It is formed by an anterior branch (7) and 
alarge branch from the posterior horn (8) which unite to form a transverse trunk extending into the great 
vein of Galen. A short stem (9) draining small tributaries from the roof of the tip of the temporal horn 
can be seen entering the anterior portion of the basal vein. 

(B) In the anteroposterior projection, the typical configuration of the striothalamic vein (10) is well 
shown. The two tributaries (7, 8) of the medial atrial vein unite to form a short trunk which runs medially 
to join the vein of Galen. The stem formed by the anomalous anterior caudate and septal veins is obscured 
in this view by the internal cerebral vein and longitudinal sinus. 


transverse caudate veins running down- 
ward from the superior lateral angle of the 
body of the ventricle may join the direct 
lateral vein and occasionally form its major 
tributaries. The stem or trunk of the direct 
lateral vein runs directly medially in the 
frontal plane underneath the stria ter- 
minalis, lamina affixa and tenia choroidea 
to enter the velum interpositum and the 
posterior portion of the internal cerebral 
vein. Sometimes this stem shows an acute 
anterior loop (Fig. 15,7 and 164) and ap- 
pears to be simplv a striothalamic trunk 





Fic. 14. Lateral projection. Direct lateral vein. The 
posterior terminal vein (1) runs backward to join 
several tributaries (2) arising in the lateral wall of 
the posterior portion of the body of the ventricle. 


A short stem is formed which runs transversely tion of this vessel is obscured by the basal vein 
into the internal cerebral vein (3). A small inferior but its most anterior or transverse segment 1s evi- 


ventricular vein (4) 1s also present. The lower por- dent as a dot (5) superimposed on both vessels. 
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lic. 15. Direct lateral vein. 

(4) Lateral projection. A rather large direct lateral vein is seen to enter the posterior portion of the 
internal cerebral vein (1). A short anterior tributary (2) runs backward to join the main stem. Several 
unusually prominent longitudinal caudate veins extend from the anterior horn (3) to this tributary (2). 
These vessels must be distinguished from cerebral veins on the superior aspect of the corpus callosum, The 
posterior cerebral or splenial vein (4) is quite large in this case and is clearly at a higher level than the 
longitudinal caudate veins. Moreover, the splenial vein enters the posterior portion of the great vein of 
Galen near the straight sinus. 

(B) Anteroposterior projection demonstrates that the direct lateral veir has a surprisingly long trans- 
verse course before it enters the internal cerebral vein (1). The anterior tributary (2) is arched superiorly. A 
more lateral and posterior tributary (5) drains a group of small vessels outlining the lateral wall of the 


atrium. 


which does not extend as far forward as the 
usual striothalamic vein but enters the 
internal cerebral vein behind the foramen 
of Monro. Since this vessel must run under- 
neath the broad free portion of the body 
of the fornix (Fig. 2.7), the main stem of 
this vessel cannot be located more poste- 
riorly than the fornix itself. In the lateral 
projection, one can imagine the course of 
the fornix as a curved line crossing the 
splenial indentation on the great vein of 
Galen (Fig. 1.7), a short distance in front 
of the lowest point of this indentation. In 
the anteroposterior projection, the direct 
lateral vein shows a long transverse course 
(Fig. 156) as it runs underneath the fornix 
and above the thalamus (Fig. 2/4). As it 
extends medially, it runs only slightly 
downward. This is in contrast to the 
appearance of the normal striothalamic 
vein which extends forward and downward 
to the foramen of Monro and therefore 
shows a U-shaped configuration, convexity 
inferiorly, and in the anteroposterior pro- 


jection (Fig. 7B, 88). Small branches aris- 
ing in the lateral wall of the atrium and 
joining the direct lateral vein can some- 
times be identified and serve to outline the 
most lateral aspect of the atrium (Fig. 
155). In the majority of instances, the di- 
rect lateral vein is not a large vessel and its 
drainage area is taken over by the posterior 
terminal vein, the lateral atrial or inferior 
ventricular vein. In the lateral projection, 
it may be difficult to distinguish a direct 
lateral vein from the medial atrial vein. 
In such instances, an anterior tributary cor- 
responcing to the course of the stria ter- 
minalis, 7.e., in. line with the posterior 
terminal vein, indicates that the vessel be- 
longs to the lateral group while a typical 
posterior horn tributary places the vessel 
in the medial group. 

In the lateral wall of the atrium, there 
may be a sizable vessel (Fig. 16, Z and B; 
and 17) which rurs downward and forward 
for a relativelv short distance and turns 
medially to exit through the posterior por- 
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Fic. 16. Lateral atrial vein. 

(4) Lateral projection shows a direct lateral vein (1) joining the posterior portion of the internal cerebral 
vein, In addition, there is a prominent vein which begins high on the lateral wall of the atrium (2) by 
draining several twigs arising posteriorly. This vein runs downward and forward with a slight convexity 
posteriorly and then crosses medially in the rocf of the temporal horn (3) to leave the ventricle through the 
posterior portion of the choroidal fissure (between 3 and 4) and join the basal vein (5). The basal vein is 
partially overlapped by a superficial temporal vein. 

(B) Anteroposterior projection shows the horizontal course of the direct lateral vein (1). The lateral 
atrial vein (2) begins further laterally and posteriorly and extends forward and downward with a minimal 


* 


convexity laterally. It then curves med.ally (3) to pass through the posterior portion of the choroidal 


fissure (between 3 and 4) and enters the basal vein (4). 


tion of the choroidal fissure. This vein may 
then enter the basal vein or continue pos- 
teriorly outside the ventricle parallel to 
the stria terminalis to enter the direct 
lateral vein. This vessel was clearly de- 
scribed by Browning! under the name 
"ramus basilaris adjunctus." Since this 
designation is not only awkward but ap- 


Fic. 17. Another example of a lateral atrial vein. 
Lateral projection shows a prominent vein begin- 
ning high on the lateral wall of the atrium (11 by 
the junction of small twigs arising both anteriorly 
and posteriorly. The vessel runs downward and 
forward in the temporal horn and then turns 
medially (dense dot, 2) to join the basal vein (3). 
Several small vessels (4) arising in the roof of the 
tip of the temporal horn run posteriorly to join 
this vein. In this case, the lateral atrial vein ex- 
tends unusually far forward in the roof of the 
temporal horn and takes over the drainage area 
of the inferior ventricular vein. Several small 
medial atrial veins (5) can also be seen. 


pears not particularly suitable, we prefer 
to call this vein "the lateral atrial vein." 
The lateral atrial vein may be seen in the 
lateral projection to be formed by small 
twigs from the upper (Fig. 16, 4 and B; 
and 17) or lower aspect (Fig. 6/7) of the 
lateral wall of the atrium and to run 
obliquely downward and forward toward 
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Fic. 18, 0 drainage of atrium or temporal horn. 
„ateral projection, There is a long lateral atrial vein which begins near the floor of the atrium (1) 


(4) 1 


and runs upward and forward to join (2) the posterior terminal vein. 
(5) Another patient. Lateral projection. A small inferior ventricular vein begins (1) in the anterior 
portion of the roof of the temporal horn and runs upward and backward tc join (2) a tributary of a direct 


lateral vein (3). 


the inferior horn. This vessel mav have a 
rather straight course or show a slight 
posterior convexity. In the anteroposterior 
projection, this vein begins posteriorly 
about 2.5 cm. from the mid-line and runs 
downward with a slight lateral convexity. 
After a relatively short downward course, 
the vessel turns mediallv with a rather 
marked convexity inferiorly and then loops 
backward to join the basal or adjacent 
vein. The course of this vessel in both the 
lateral and anteroposterior projections may 
resemble the appearance of the inferior 
ventricular vein to be described below. In 
its characteristic form, however, the upper 
posterior portion of the vessel is not adja- 
cent to the caudate nucleus but lies more 
posteriorly and superiorly. Moreover, the 
lateral atrial vein passes through the pos- 
terior portion of the choroidal fissure rather 
than through its anterior end in the inferior 
horn. When the lateral atrial vein is large, 
the inferior ventricular vein is absent (Fig. 
17) or small and vice versa. In some in- 


stances, drainage from the lateral wall of 


the atrium and adjacent root of the tem- 
poral horn is superiorly into a posterior 
terminal (Fig. 18,7) or direct lateral vein 


(Fig. 18). 
There is often a surprisingly large vein 


(Fig. 19, 4 and B; and 20, 4 and B) in the 
roof of the temporal horn which is the 
representative of the lateral group of sub- 
ependymal veins in this area. This vessel 
(Fig. 4, 4-D) begins in the body of the 
ventricle along the superior margin of the 
body of the caudate nucleus and runs in a 
markedly curved course downward and 
backward and then forward into the infe- 
rior horn. The course of this vein appears to 
parallel rather exactly the body and the 
tail of the caudate nucleus. This vein may 
therefore be located in three different por- 
tions of the ventricular system, namelv, 
the posterior portion of the body, the 
anterior wall of the atrium, and the roof 
of the temporal horn. When large, this 
vessel serves as a longitudinal collecting 
channel similar or complementary to the 
posterior terminal vein. This vessel was 
described by Browning,’ who called it the 
"inferior ventricular vein." An alternative 
designation for this vein, when of large 
size, is the "atriotemporal vein” since both 
the lateral wall of the atrium and the roof 
of the temporal horn may be drained bv it. 
As pointed out by Browning, the inferior 
ventricular vein ordinarily runs in the 
lateral portion of the roof of the temporal 
horn, that is, lateral to the caudate nucleus 
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Fic. 19. A large inferior ventricular vein. 

C1) Lateral projection. A typical direct lateral vein is present joining the posterior portion of the internal 
cerebral vein (1). The largest vessel in this area, however, begins high in the anterior wall of the atrium 
(2) and shows a characteristic arcuate course as it runs downward and forward in the roof of the temporal 
horn. At the anterior end of the choroidal fissure, it turns medially (3) to enter the basal vein (4). 

(B) Anteroposterior projection. The inferior ventricular vein (2) originates superiorly in the anterior 
wall of the atrium. The vessel runs downward and forward with a moderate convexity laterally to the 
anterior portion of the temporal horn and then curves medially (3) to exit through the choroidal fissure 
and join the basal vein (4). Incidentally, a short distance lateral and parallel to the ventricular portion of 
thus vein, a faint vessel is seen which is the inferior choroidal vein. 





Pic, 20. Unusually long inferior ventricular vein. 

(4) Lateral projection shows the inferior ventricular vein beginning far forward (1) in the body of the 
lateral ventricle and forming almost half a circle, convex posteriorly, as it extends downward and back- 
ward and then downward and forward to the anterior end of the choroidal fissure (2). This vein runs in the 
roof of the temporal horn lateral to the caudate nucleus. The basal vein is faintly opacified (3). 

(B) In the anteroposterior projection, the unusually long inferior ventricular vein indicates the location 
of the body and tail of the caudate nucleus since it is located immediately lateral to this structure. In 
the body of the ventricle (1), it is at a slightly higher level than the stria terminalis. The vein runs down. 
ward and laterally and then turns medially in a broad arcuate course to leave (2) the inferior horn and 
join the basal vein (3). 
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and therefore cannot be considered as a 
direct continuation of the posterior ter- 
minal vein. In unusual instances, however, 
this vessel may be located more medially 
in the roof of the temporal horn, adjacent 
to the stria terminalis. In the lateral pro- 
jection, the inferior ventricular vein shows 
a very characteristic arcuate appearance, 
convexity posteriorly, with an abrupt 
termination in the anterior portion of the 
basal vein at a point about 2 cm. behind 
the posterior clinoids. The inferior ven- 
tricular vein crosses the splenial indenta- 
tion on the vein of Galen in front of its 
lowest point. This arcuate course is similar 
to that of the fornix since the fornix and 
the tail of the caudate nucleus run parallel 
to each other (Fig. 10). In the lateral 
projection, it is not possible to tell the ex- 
act relationship of this vein to the tail of 
the caudate nucleus in the inferior horn. 
However, it is usually evident that the por- 
tion of this vessel in the body of the ven- 
tricle is located at a higher level than the 
stria terminalis (Fig. 20, 4 and B). In the 
anteroposterior projection, the inferior ven- 
tricular vein has a very typical appearance, 
beginning posteriorly about 2 cm. from 
the mid-line and extending downward and 
forward with a moderately marked lateral 
convexity. In the tip of the temporal horn, 
the vessel turns medially in a fairly abrupt 
but smooth curve, convexity anteriorly, to 
reach the anterior end of the choroidal fis- 
sure immediately behind the uncus. In this 
transverse portion of its course, this vein 
receives several small twigs from the tip 
of the temporal horn. At the point of exit 
in the choroidal fissure, it is joined by the 
inferior choroidal vein and the common 
stem enters the basal vein. The relation- 
ships of the inferior ventricular vein and 
the choroidal vein of the temporal horn 
are therefore similar to that of the strio- 
thalamic stem and the superior choroidal 
vein at the foramen of Monro. In an oc- 
casional instance, a small inferior ventricu- 
lar vein may not drain downward and for- 
ward but rather upward and backward 
into the direct lateral (Fig. 188) or the 
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posterior terminal vein. Incidentally, the 
course of the inferior ventricular vein in 
the latéral projection corresponds rather 
closely to the appearance of the wing of the 
cisterna ambiens as seen during pneumo- 
encephalography. However, the lateral 
margin of the wing of the cisterna ambiens 
corresponds to the choroidal fissure while 
the inferior ventricular vein is located 
more laterally within the ventricle. 

Veins in the roof of the tip of the 
temporal horn (Fig. 134 and 17) may join 
to form a short trunk which leaves the 
ventricle through the anterior end of the 
choroidal fissure independently of the infe- 
rior ventricular vein. Small tributaries may 
run forward in the temporal horn along 
the stria terminalis to join this trunk. These 
tip vessels may berelatively prominent and 
evident ‘on angiography particularly when 
the inferior ventricular vein is small. 

On angiography, the subependymal veins 
must be differentiated from superficial 
veins which frequently overlap them. This 
distinction is usually not difficult since 
superficial veins are more tortuous, extend 
beyond 'the anticipated area of the ven- 
tricular system and drain into dural 
sinuses!’ or the anterior end of the basal 
vein." In general, subependymal veins are 
not tortuous, change caliber abruptly at 
points of union with adjacent vessels and 
they drain into the internal cerebral vein, 
vein of Galen, or into the basal vein behind 
the anterior perforated space. Despite the 
rather characteristic features of the sub- 
ependymal veins described above, it is not 
always possible to be certain in every case 
of the location of a particular vessel. This 
is often due to the fact that the venous 
phases in the anteroposterior projection 
are difficult to interpret because of tech- 
nical problems and overlapping vessels. In 
the lateral projection, identification 1s 
facilitated by the observation that veins 
which cross each other cannot lie in the 
same plane. By systematically following 
the course of the individual tributaries and 
observing this crossing sign, it is usually 
possible to distinguish between the medial 
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and lateral groups of vessels. Stere eoscopic 
or base views should presumably be of 
considerable assistance in making this dif- 
ferentiation but are not generally available. 

For purposes of angiography, the system 
of subependymal veins has been considered 
as a unit more or less bv itself. Obviously, 
however, these veins drain the substance 
of the brain rather than the subependymal 
tissues. Thev share drainage of the cerebral 
hemispheres with the superficial veins. In a 
rough way, the vein of the septum pellu- 
cidum drains the deep part of the frontal 
pole, the lateral svstem of veins drains the 
lateral portion of the hemisphere, while 
the medial atrial vein drains the occipital 
pole. In general, one can anticipate filling 
of all components of the subependvmal 
venous drainage svstem of the lateral 
ventricle if there has been satisfactorv 
opacification of the anterior, middle and 
posterior cerebral arteries. The medial 
atrial veins, however, mav not be evident 
on carotid angiograms if the posterior 
cerebral artery is not filled. There is often 
considerable asymmetry in the individual 
components on the two sides. The two 
veins of the septum pellucidum, however, 
are usually similar in configuration. Inci- 
dentallv, there appear to be no anastomoses 
between the ependymal veins of the lateral 
ventricles of the two sides. Except for the 
striate veins, the small veins within the 
brain substance are rarely evident on 
angiography. This is of some advantage be- 
cause the visible veins can then be identi- 
fied as either superficial or subependvmal 
in location. In this sense, both of these 
venous systems are made up of surface 
vessels. 

In the description of the subependvmal 
veins given above, the choroidal veins 
were mentioned only in passing. These ves- 
sels are in reality not subependymal in 
location and serve primarily for cerebro- 
spinal fluid formation rather than drainage 
of the brain substance. Small channels 
from the brain substance described ana- 
tomically which may enter choroidal veins 
are rarely evident on angiography. 
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The classification given above of the sub- 
ependymal veins was designed for practical 
diagnostic purposes. On an anatomic and 
presumably developmental basis, a more 
pertinent division may be based on the 
sites of exit of the subependymal veins, 
that is, the locations at which they cease 
to be subependymal and enter the sub- 
arachnoid space. These veins may be said 
to enter the subarachnoid space in relation- 
ship to the two aspects or margins of the 
fornix and its extensions. The vein of the 
septum pellucidum and the most anterior 
of the posterior septal veins run in rela- 
tionship to the lateral margin of the 
column of the fornix before Joining the 
internal cerebral vein in the velum inter- 
positum. The entire lateral group of veins 
including the striothalamic vein enters the 
velum interpositum by running deep to the 
stria terminalis, the lamina affixa, and tenia 

choroidea through the choroidal fissure. In 
contrast, the small deep veins in the septum 
pellucidum, the medial atrial veins and the 
floor veins of the temporal horn pierce the 
medial attached portions of the fornix in 
order to enter the subarachnoid space. This 
last group of vessels does not run in rela- 
tionship to the tenia fimbria or the choroidal 
fissure. This mode of exit of the medial 
group of veins has apparently not been 
previously emphasized. The embrvologic 
significance of these distinctions is not 
clear. 

From the diagnostic point of view 
recognition of abnormalities of the sub- 
ependymal veins is based primarily on 
familiarity with the normal configurations 
of these vessels as components of an inter- 
dependent venous drainage system. The 
individual members may varv in size and 
their drainage areas may be absorbed by 
adjacent vessels. Efforts to be more spe- 
cific in regard to the location of these veins 
by measurement are of limited use because 
of considerable normal variation. Several 
rough guide numbers, however, may be 
noted. The distance between the mid-line 
and the most lateral point of the inferior 
ventricular vein in the anteroposterior 
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projection (target-film distance 40 inches) 
varies from 2.5 to 3.5 cm. The distance 
in the lateral projection between the point 
at which the inferior ventricular vein 
crosses the vein of Galen and the center 
of the sella turcica 1s 4.5 to 5.5 cm. The 
distance in the lateral projection between 
the lowest point of the inferior ventricular 
vein in the temporal horn and the posterior 
terminal vein along the stria terminalis in 
the body of the ventricle is 2.5 to 3.5 cm. 


SUMMARY 


I. In the lateral ventricles, numerous 
subependymal veins are described ana- 
tomically and may often be recognized on 
cerebral angiography. 

2. These vessels may be divided into 
medial and lateral groups. In each group, 
rather characteristic veins are present in 
the different portions of the ventricle— 
anterior horn, body of the ventricle, 
atrium and posterior horn, and inferior 
horn. 

3. The anatomic and roentgen appear- 
ance of the subependymal veins and their 
interrelationships are described and illus- 
trated. 


Bernard S. Wolf, M.D. 
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The Mount Sinai Hospital 
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THE MYELOGRAPHIC DEMONSTRATION OF THE 
ANTERIOR SPINAL AND RADICULAR ARTERIES* 


By BERNARD S. EPSTEIN, M.D. 


NEW HYDE PARK, NEW YORK 


iR spinal cord is visible on cervical 
and thoracic myelograms as a central 
radiolucent streak produced by displace- 
ment of pantopaque into the deep lateral 
aspects of the canal and the relatively thin 
anterior and posterior spaces above and be- 
neath the cord. When the canal is filled 
completely, the larger quantities of panto- 
paque may render this shadow less con- 
spicuous than seen with partial filling. 
When enough pantopaque enters the upper 
cervical spinal canal and the cisterna 
magna, the vertebral and basilar arteries 
can be identifed similarly as relatively 
slender radiolucent linear structures corre- 
sponding to their anatomic positions. Little 
comment has been made about the myelo- 
graphic appearance of the anterior spinal 
and radicular arteries, structures which 
often are seen on technically adequate 
roentgenograms. 

In the upper cervical spinal canal, the 
anterior spinal artery is formed by the 
union of two small vessels originating from 
the medial aspects of the vertebral arteries 
above the level of the posterior inferior 
cerebellar arteries. The originating vessels 
may be asymmetric, corresponding in size 
relative to the caliber of the vertebral ar- 
teries from which they arise. These two 
rootlets unite in the midline at the level of 
the medulla oblongata and then pass cau- 
dally as the anterior spinal artery in the 
anterior spinal sulcus. The myelographic 
demonstration of the V-shaped roots of the 
anterior spinal artery has not been identi- 
fied on myelograms insofar as I know. They 
were visible in 3 of the 5o cervical myelo- 
grams utilized for the presentstudy (Fig. 1, 
4 and B). 

A variation of this structure was noted 
during the course of reviewing 20 specimens 


of the spinal cord for the purpose of cor- 
relating the anatomic and myelographic 
configuration of the anterior spinal and 
radicular arteries. In 3 instances the cau- 
dad union of the roots of the anterior spinal 
artery did not conform with the classical 
V-shaped configuration. In these the root- 
lets emerging from the medial aspects of 
the respective vertebral arteries were sin- 
gle, but their fusion into the midline an- 
terior spinal artery (Fig. 1C) in the anterior 
spinal sulcus could not be clearly identified. 
The rootlets apparently broke up into 
smaller filaments which traversed the pia 
and arachnoid on either side of the midline 
of the medulla oblongata and then dipped 
into the spinal cord so that the usual clean 
cut V-shaped origin of the main midline 
trunk could not be traced. 

The anterior spinal artery (Fig. 2, 4 and 
B) courses down the midline in the anterior 
spinal sulcus enveloped in the pial fold of 
the linea splendens and terminates along 
the flum terminale. The respective inferior 
halves of the spinal cord derive their ar- 
terial supply from the sulcal arteries which 
pass dorsally into the cleft from the anter- 
lor spinal trunk, a pattern followed for the 
entire length of the cord. Below the upper 
cervical level the anterior spinal artery is 
derived from and receives blood from the 
ascending branch of the anterior radicular 
arteries when these vessels reach the mid- 
line. The cervical radicular arteries origin- 
ate from the vertebral and anterior cervical 
arterles, the latter being branches of the 
ascending cervical branches of the inferior 
thyroid artery. The radicular branches to 
the thoracic portion of the anterior spinal 
artery are derived from ascending and 
descending branches from the intercostal 
arteries (Fig. 3, 4 and B). The lumbar 
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radicular arteries arise from the iliolumbar 
and lateral sacral arteries in the pelvis. 

There are usually from 6 to 8 large an- 
terior radicular arteries. The largest is situ- 
ated in the lumbar or lower thoracic region 
as a single vessel, the arteria radicularis 
magna. Next in size are the cervical and 
lower thoracic radicular arteries. In the 
cervical region the radicular arteries appear 
at the third, fourth, fifth or sixth segments, 
and are quite variable in size and distribu. 
tion. As a rule, I is present in the upper 
cervical region and 2 or 3 in the lower 
cervical area. In the thoracic spinal canal 1 
or 2 are usually present in the upper and 
lower thoracic regions respectively. 
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1. GZ) Dissection of normal 
anterior spinal artery and its root- 


lets originating from the inner as- 
pects of the vertebral arteries. 
(B) High cervical myelogram. 
The point of junction of the root- 
lets and the origin of the anterior 
spinal artery can be identified. 
(C) Barium injection of basilar and 
vertebral arteries fn situ. The ori- 
gins of the rootlets of the an- 
terior spinal artery can be identi- 


fied; however, the point of junc- 
tion 1s not seen on this specimen. 


by anastomosing vessels originating from 
the ascending and descending branches of 
the various radicular arteries. The areas of 
the cord best supplied with blood are those 
in proximity to the radicular arteries at 
their origins. The caudad and cephalad ends 
of the respective vessels usually provide 
less blood to their spinal segments. In gen- 
eral, this occurs mainly at about the fourth 
or fifth thoracic vertebral level, and to a 
lesser degree at the thoracolumbar junc- 
tion. 

The truncus venosus anterior is derived 
from radicular veins which do not corre- 
spond in location to the arteries but are of 


The anterior spinal artery thus is formed 
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Fic. 2. (4) Dissection of the anterior spinal artery in 


the midcervical and lower cervical region. The midline 


position of the artery and one major right radicular artery can be identified. Note the rounded Junction of 
the radicular artery with the main trunk. (B) Cervical mvelogram. The anterior spinal artery is visible asa 
midline radiolucent streak. À radicular branch is present on the left side. 





approximatelv the same size. The truncus 
venosus anterior lies slightly to the side of 
the anterior spinal artery and Just dorsal to 
it, and also is invested by the linea splen- 
dens. No doubt it contributes to the myelo- 
graphic appearance. 

On frontal and oblique mvelograms the 
anterior spinal artery is best seen in the 
upper two thirds of the cervical spinal 
canal, and is identified as a relatively 
straight radiolucent midline streak often 
interrupted at the level of the interverte- 
bral disks. This is attributed to the relative 
depth of pantopaque overlying the dor- 
sal aspects of the vertebral bodies as com- 
pared to the more shallow or even absent 
laver above the bulging intervertebral 
fibrocartilages. Where there is sufficient 
pantopaque to be displaced by the slightly 
anteriorly protruding anterior spinal ar- 
tery, its linear shadow becomes visible. If 
the relative depth of pantopaque is thin, 
as it is in relationship to the disks, no 
shadow is seen. This change is more pro- 
nounced when spondylotic ridges project 
into the ventral aspect of the cervical 
spinal canal. On oblique myelograms the 


Fad 


shadow of the anterior spinal artery shifts 





he 


laterally. It is considerably more difficult to 
identify the vessel in this projection be. 
cause of conflicting shadows produced by 





Fic. 3. (A) Dissection of the anterior spinal artery 
in the midthoracic region. (2) Thoracic myelo- 
gram showing the anterior spinal artery and sev- 
eral radicular branches. Note the irregularity in 
the course of the anterior spinal artery in its lower 
aspect on this roentgenogram. 
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the dentate ligaments and the rootlets of 
the spinal nerves as well as by the changes 
in the position of the pantopaque. 

The radicular branches to the anterior 
spinal artery are seen anatomicallv in close 
relationship to the superior aspects of the 
anterior nerve roots. On comparing the 
mvelographic with the anatomic appear- 
ance, it was observed that not infrequently 
there were small branches extending along 
the intrathecal aspects of the nerve roots 
which were thin and could not be identified 
roentgenologically. The junctions of the 
anterior spinal and radicular arteries could 
be utilized to identify these structures by 
virtue of their midline positions. 

The posterior spinal arteries exist as ir- 
regular paired structures on either side of 
the cord. These also accept radicular ves- 
sels, but neither the main plexuses nor their 
feeding branches could be identified on 
mvelograms. 

In order to estimate the clinical signifi- 
cance of visualization of the anterior and 
radicular spinal arteries, 50 consecutive 
thoracocervical myelograms were re- 
viewed. Of these 28 were considered to be 
within average limits even though 11 
showed some evidence of cervical spondy- 
lotic ridging. In g examinations the thoracic 
portion of the anterior spinal artery could 
be seen, and in none of these was any addi- 
tional information obtained. There were 7 
patients with tumors in the spinal canal, 
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and in but 1 was there enough contralateral 
displacement of the anterior spinal artery 
to warrant any comment. Of the 15 patients 
with significant lower cervical spondvlotic 
spurring or diskal herniation, the upper 
aspect of the anterior spinal artery was 
more apparent, and in all the anterior spinal 
artery overlying the diskal spurs or ridges 
in the midline was not visible. In 5 in- 
stances with large midline ridges and par- 
tial obstruction to the passage of panto- 
paque, there appeared to be a slight but 
perceptible increase in the caliber of the 
anterior spinal artery above the affected 
areas. In general, it was felt that no specific 
diagnostic significance could be attributed 
to the visualization of the anterior spinal 
and radicular arteries. 


SUMMARY 


The anatomic and myelographic appear- 
ance of the anterior spinal and radicular 
arteries is described. No specific diagnostic 
information could be elicited from the 
visualization of these vessels. 


The Long Island Jewish Hospital 
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A STUDY OF MENINGIOMAS WITH CORRELATION 
OF HYPEROSTOSIS AND TUMOR VASCULARITY* 


By H. SCHUNK, M.D,,t H. DAVIES, D.M. (Oxox.),T and M. DRAKE, M.D.$ 


LONDON, ENGLAND 


HE number of publications on menin- 

giomas is so extensive that, as Bailey! 
stated, "another paper taking up this ques- 
tion requires considerable temerity.” Many 
aspects of meningeal tumors have been de- 
scribed: their appearance in the plain skull 
roentgenogram, in the pneumoencephalo- 
gram and in the arteriogram. The histology 
of these tumors is well known although the 
diagnosis may not alwavs be conclusive if 
the classic histologic. tumor pattern is 
absent. Surgical exploration of meningeal 
tumors has attained excellent results, but 
profuse bleeding from a highlv vascular 
tumor remains a considerable hazard. It is 
important for the surgeon to know in which 
type of meningioma operative bleeding may 
be expected. Àn attempt has been made to 
correlate the degree of vascularitv of a 
meningioma with bone changes, in particu- 
lar, hy perostosis produced by such a tumor, 
in order to find a possible association be- 
tween vascularity and hyperostosis. This 
aspect has received, in the literature, no 
consideration up to this date. 


SURVEY OF THE LITERATURE 


The earliest description of hyperostosis 
in the restricted sense dates back to 1903 by 
Brissaud and Lereboullet.? The condition 
was termed hemicraniosis because the bone 
thickening involved half of the skull and 
face. The etiology of this condition was 
then unknown. Spiller in 1907 frst 
pointed out that pronounced local thicken- 
ing of the skull was likely to be associated 
with a tumor of the meninges. In 1929 he" 
expressed the view that hyperostosis pro- 
duced by trauma, syphilis or anv other 


factor might cause irritation leading to the 
formation of an underlying fibroblastoma. 
Cushing,’ who found bone thickening in 25 
per cent of his meningioma series, believed 
that hyperostosis was produced bv “insinu- 
ation” of the tumor cells into the vascular 
spaces of the bone. The “crowding” of 
tumor cells in the vascular space, he 
thought, might act as an irritant producing 
osteoblastic proliferation. Phemister™ con- 
sidered the possibility that hvperostosis 
developed as a result of tumor permeation 
of the skull table by a mesoblastic tumor 
originating outside bone. Kolodny,? how- 
ever, afhrmed that the bone proliferation 
preceded the actual infiltration of bone by 
tumor cells and was most likely the result 
of an early and particularly slow progres- 
sive dilatation of blood vessels in the skull 
adjacent to the meningioma, while the sub- 
sequent infiltration might lead to bone 
destruction. 

Enostosis is the first reaction of bone to 
an underlying meningioma. Bone thicken- 
ing ensues and hyperostosis with radiating 
spicule formation represents the final con- 
dition of the osteoblastic activity of the 
bone.? Ditfuse thickening of the skull base 
is mainly associated with olfactory groove 
and sphenoidal wing meningiomas.? The 
great thickening is in contrast with the ex- 
tremely small amount of tumor tissue 
present in the bone.” 

With the advent of angiography, the 
vascular pattern of meningiomas was more 
thoroughly investigated. Out of the large 
volume of literature, only a few pertinent 
and explanatory references to the vascular 
pattern of meningiomas need be mentioned. 
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Lima? recognized that every meningioma 
is supplied by the external and internal 
carotid arteries. He stated that the afferent 
vessels penetrated the periphery of the 
tumor and branch at the center into an 
arterial network emptying into a rich 
capillary network, thence to a vein in the 
periphery of the tumor. He further main- 
tained that a more abundant arterial circu- 
lation occurred at the center than on the 
periphery of the tumor. Wickbom!??* clas. 
sified the meningiomas into 4 groups on the 
basis of the vascular appearance observed 
in the roentgenogram: (1) homogeneous 
accumulation of the contrast medium which 
might be sharply defined or show an 
abundance of small vessels with uniform 
appearance; (2) newly formed vessels, 
narrow and serpentine, with a regular 
lumen branching in a broom-like or radial 
formation; (3) arrangement of the vessels 
around the tumor with a conspicuously 
large artery encircling the growth; and (4) 
a circular arrangement around the tumor 
with no definite tumor vessels present. 
Lindgren? pointed out that the dual supply 
of the meningioma could be demonstrated 
bv separate puncture of the internal and 
external carotid arteries. The internal carot- 
id may supply the periphery of the tumor 
while the central portion may be supplied 
bv the external carotid artery. Wickbom’? 
noted in a few cases in his series that with 
internal carotid injection a sector of 
sphere was outlined with contrast medium. 
Lorenz!’ pointed out that the vessels sur- 
round the tumor "krallenformig" and : 
large artery is present in the ee 
vicinity of the tumor. 

The present study was undertaken to ex- 
amine the various degrees of meningioma 
vascularity and correlate them with the 
different types of hyperostosis associated 
with meningiomas, 


MATERIAL 


A series of 141 cases diagnosed roent- 
genologically as meningiomas at the Na- 
tional Hospital, Queen Square, was ex- 
amined. After selection, only 115 cases 
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Tage I 


CASES EXCLUDED FROM MENINGIOMA STUDY 


CREME 


Roentgenograms missing f 
Roentgenograms unsatisfactory 2 
Roentgenograms incomplete 2 
Roentgenograms in outside Hospitals f 
Negative exploration ] 
Not operated upon i 
Gliomas 8 
Chromophobe adenoma i 
Myxomatous mesodermal tumor i 
Malignant sarcomatous meningioma | 


Total 26 


from the original 141 could be used for this 
investigation. Twenty six cases were not 
included for the various reasons outlined 
in Table 1. All 115 cases had sufficient skull 
roentgenograms and carotid angiographic 
studies to be included in this series. Every 
case was operated upon and had therefore 
histologic verification. The cases accumu- 
lated over a period of 12 vears, from 1948 
to 1960. 

It should be noted that in only 10 cases 
was an incorrect diagnosis made (8 gliomas, 
1 chromophobe adenoma and 1 negative 
exploration), comprising a 7 per cent mar- 
gin of error. One case of mv a atous meso- 
dermal tumor showed components of : 
meningioma histologically. A correct me 
operative diagnosis was not feasible be- 
cause of the extreme rarity of the tumor. 
One malignant sarcomatous meningioma, 
the only such case in this series, was like- 
wise not included. Investigation 1n 14 cases 
remained incomplete. 

Qut of the 115 patients, 52 were males 
and 63 were females. The voungest was a 
12 vear old female and the eldest a male 
75 vears of age. The average age in the 
females was 48.7 vears, while the average 
age in the males was 48.8 years. The 
meningiomas occurred in all the classic 
locations. The distribution and the tumor 
incidence in the various locations is shown 
in Table n. 

The highest incidence (36.0 per cent) of 
meningiomas was in the frontoparasagittal 
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region followed by the parietoparasagittal 
region (29.0 per cent); the lowest incidence 
(less than 1 per cent) occurred in the base 
of the middle fossa, middle third of the 
lesser sphenoid wing and the greater wing 
of the sphenoid bone and orbit. The re- 
mainder of the tumors was distributed 
among other locations with 2.6 per cent in 
the subfrontal, olfactorv groove, inner third 
of sphenoid and occipital parasagittal re- 
gion; 1.7 per cent occurred in the anterior 
clinoid om 8.7 per cent in the tuber- 
culum sellae and 9.0 per cent in the pterion 
region. 
METHOD 


The plain skull roentgenograms were 
surveyed and the classic changes of in- 


lasrr II 


LOCATION OF TUMORS 


Subfrontal p. 4 
E 3 3 1.5 
Olfactory groove ว 3 2.6 
Anterior clinoid 2 2 155 
Tuberculum sellae 10 10 8.7 
Pterion rt. § 
It. 9 12 9.0 

Middle third of sphe- rt. o 

noid wing t. 1 1 0.8 
Inner third ofsphenoid rt. 2 

wing ES: 3 2.6 
Greater sphenoid wing rt. 1 I o.8 

and orbit 
Middle fossa (base) โย 1 I o.8 
Parasagittal and falx rt. 16 

(frontal) it. 26 42 36 
Parasagittal and falx rt. 17 | - 

(parietal) ht 34 0 ว ็ 1 quc A 
Parasagittal and falx rt. 1 | 

(occipital) ie 2 3 2:5] 
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Taare HI 


CHANGES ON PLAIN SKULI. ROENTGENOGRAMS 





I, Sella turcica 


Positive 73 (63.5%) 
Negative 42 (36.5%) 
2. Pineal gland 
Calcification 67 (58.3%) 
Shift 40 (60.0% 
a Hyperostosis 16 (13.9%) 
Enostosis 21(20.095) 


Diffuse thickening 
Vascular channels 
Bone erosion 
Calcification 


creased intracranial pressure were noted if 
present (Table 111). It was found that 
demineralization of the floor of the sella 
turcica and/or of the posterior clinoid 
processes was present in 73 cases (63.5 per 
cent). Increased digitation i in the internal 
table of the skull was not noted in anv 
case; there was no case with suture diasta- 
sis. The pineal gland was calcified in 67 
cases (58.3 per cent). Out of the 115 cases, 
40 (34.8 per cent) showed a shift of the cal- 
cified pineal on the side opposite to that of 
the tumor. If, however, the 67 cases with a 
calcified pineal were considered alone, the 
incidence of shift would be 25.2 per cent 
higher (approximately 60.0 per cent). 

Ch ranges on plain roentgenograms which 
might suggest localization of the tumor 
were looked tor (Table 111). Bone changes 


produced by osteoblastic activity were 
classified as hyperostosis, enostosis and 


diffuse thickening of the skull in the 
diploic space. The accuracy of the survey 

was somewhat hampered as in none of the 
examinations was there a tangential view 
of the affected area of the skull, which is 
essential for complete examination. A num- 
ber of small enostoses was not demonstrable 
because of lack of tangential views. There 
were 16 cases of hyperostosis (13.9 per 
cent), but in none of these was the so-called 
typical spicule formation demonstrated 
roentgenographically. A study of earlier 
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cases between 1927 and 1948 in the files 
of the Department of Radiology showed a 
number with typical changes of hyper- 
ostosis with spicule formation. 

Enostosis was noted in 23 cases (20.0 
per cent). Bone thickening of the diploic 
space with occasional bone expansion was 
as frequent as hyperostosis, with 16 cases 
(13.9 per cent) presenting this finding. The 
size of the vascular channels in width and 
depth, unilateral as well as bilateral, was 
recorded and abnormalities were noted in 
$9 cases (51.0 per cent). Bone erosions of 
the inner table were observed in 14 cases 
(12.0 per cent). Calcification was only seen 
เท 9 cases (7.8 per cent), a much lower figure 
than the usually reported incidence. 

The arteriographic findings were re- 
corded and are listed in Table 1v. Seventy 


Meningiomas 


Fic. 2. (4) Enostosis and calcification in tu- 

mor in right parietal region. (B and C) Early 
and late phase of internal carotid angiog- 
raphy showing the tumor to be avascular. 





cases showed filling of the common carotid 
artery (60.8 per cent). In 38 cases (33.0 per 


Tapere IV 


ARTERIOGRAPHIC FINDINGS 


|, External carotid filling 





Internal carotid filling 3 
Common carotid filling " 


tJ 


. Shift of arterial vessels 109 (94.7%) 


No shift of arterial vessels 6( 5.3% 
Sphenoid wing meningioma i 
Occipital meningioma i 
Anterior clinoid meningioma — 1 
Parietal meningioma 3 

3. Avascular 59 (51.2%) 

Abnormal vessels 73 (63.5%) 

Blush 66 (67.4%) 
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cent) the internal carotid artery onlv was 
visualized; in 7 cases (6.0 per cent) only the 
external carotid was filled. Shift of the 
intracranial branches of the internal caro- 
tid arterv, in particular of the anterior and 
middle cerebral arteries, was seen in 109 
cases (94.7 per cent). Six cases (5.3 per 
cent), with tumors of the inner third of the 
lesser wing of the sphenoid bone (1 case), 


region (3 cases), did not produce any recog- 
nizable shift of the intracranial vessels. 
The vascularity of the meningiomas in 
this series was judged on angiograms bv the 
presence of vascular opacity, abnormal 
vessels and complete or relative lack of 
vessels. Vascular opacity may be defined as 
a homogeneous tumor opacity with well 
demarcated borders, 66 cases (57.4 per 
cent). In this group may be included tumors 
showing general opacity with cloudy homo- 
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Fic. 3. C4) Diffuse bone thickening in left 
parietal region. (B and C) Early and late 
phase of left common carotid angiography 
demonstrating relative avascularity. 





geneity.® The group with abnormal vessels 
showed distinct tumor vessels or vascular 
neoformations, 73 cases (63.5 per cent). 
This group may in some instances be asso- 
ciated with a moderate degree of tumor 
opacitv. The avascular tumors showed an 
avascular area with crowding of displaced 
intracranial vessels around the tumor, 59 
cases (51.2 per cent). Sometimes a few 
tumor vessels were faintly discernible. 
lable v shows the correlation in this 
series between tumor vascularitv and bone 
changes produced bv the meningiomas. It 
was found that of 16 cases with hyperos- 
tosis 12 cases (75.0 per cent) appeared 
avascular on angiograms (Fig. 1, Z, B and 
C). In only 4 cases (25.0 per cent) was a 
homogeneous blush present. In 7 instances 
(43.7 per cent) abnormal vessels were 
recognized. Out of 23 cases with enostosis, 
meningiomas showing no angiographic vas- 
cularity were present in 15 (65.2 per cent) 


Vor. 91, No. 2 


Meningiomas 


437 


TaBe V 


CORRELATION BETWEEN TUMOR VASCULARITY AND BONE CHANGES 





Enostosis 
3 cases (20.055) 


Hyperostosis |. 
16 cases (13.9%) | 
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Bone Erosion 


Diffuse Thickeni ung | 
14 cases (12.095) 


16 cases (13.997) 
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Abnormal vessels | 7 cases (43.79) | 11 cases (47.852) 


7 cases (43 38 cases on 7 7o) 1o cases (71.5%) 
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(Fig. 2, 44, B and C). An over-all blush 
occurred in 8 of these cases (34.9 per cent) 
and abnormal vessels in 11 cases (47.8 


per cent). As a rarity, a vascular ring (4.3 
per cent) was observed in this subgroup. 
thickening occurred in 16 
I1 (68.7 
(Fig. 


Diffuse bone 
cases. Of these, 
avascular tumors 


get, B and C), 











per cent) were 


cases (25.0 per cent) showed a homogeneous 
blush and 7 cases (43.7 per cent) a เห ญา 
vessels. The vascular ring was seen in onlv 

2 instances (12.5 per cent). Fifty-nine cases 
Pin prominent vascular channels could be 
linked with 17 (28.7 per cent) avascular 
meningiomas, but a blush occurred in 4 ๐ 
cases (68.0 per cent), (Fig. 4, 4, B and C) 


Fic. 4. C4) Lateral roentgenogram of skull 
showing enlarged arterial and venous chan- 
nels. (B) Angiogram demonstrating hilus of 
tumor and also early filing of vessels from 
the external carotid circulation. (C) Tumor 
blush at later stage revealing the entire area 
of tumor. 
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Fic. g. C4 and B) External carotid angiograms showing enlarged and tortuous meningeal vessels supplying 
hilus and central portion of tumor. (C and D) Internal carotid angiograms showing supplv of the more 


peripheral part of the tumor from this source. 


and abnormal vessels were noted in 38 
Cases (67.7 per cent) (Fig. 5, and 5). A 
rascular ring was present in 6 cases (10.1 
per cent) (Fig. 5, C and D). The group ot 
14 cases with bone erosion showed vascular 
growths in onlv 4 instances (28.5 per cent). 
A homogeneous blush (Fig. 6, Zand 5) and 
abnormal vessels (Fig. 7, .7 and B) were 


seen in To instances (71.5 per cent). A 
rascular ring was present in 2 cases (14.2 


per cent). 


ME 


The operative findings and additional 
information were obtained from studies of 
the operation and case notes. The informa- 
tion obtained is listed in Table vi and can 
be compared with the roentgenologic re- 
sults. Operative findings confirmed the 
presence of 13 cases with related hyperos- 
tosis; in 3 cases the roentgenologically ob- 
served hyperostoses were not commented 
upon in the operation records. 

The enostoses verified at operation 
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amounted to 27 cases, 4 more than seen on 
the roentgenograms. ce II instances the 
enostosis was considerable, while in the 
remainder it was small. Bone thickening 
ras only noted in 4 cases at operation. The 
remaining I2 cases noted roentgenologically 














lic. 7. (1) Gross bony erosion in the left frontal 
region. (B) Highly vascular meningioma with ex. 
tensive abnormal vessels. 
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Confirmed Unconfirmed 
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Enostosis 





Small 16 _ 

Large E "e 
H vperostosis 13 3 
Bone thickening 4 12 
Bone erosion " 











'1G. 6, (4) Extensive area of erosion demonstrated 
in left frontal bone. (B) À ingiogram shows typical 
meningioma "blush." 





agittal sinus invasion noted 26 
Invasion of dural structures noted 91 


REPRE 
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were not commented upon at operation. 
Bone erosion was observed at operation 
in only 7 cases. The other 7 cases of erosion 
observed roentgenologically were not noted 
in the operative report. Vascular channels 
in the presence of meningiomas have only 
been commented upon very sporadically in 
the operative reports. It is assumed that 
this finding is not alwavs recorded and it is 
therefore omitted from our series. 

Out of 116 cases of meningioma, 26 
showed invasion of the superior or inferior 
sagittal sinus. In 2 instances the involve- 
ment was questionable. There was no 
operative record of the amount and extent 
of obstruction in the sinus. Invasion ot the 
dural structures by meningiomas was fre- 
quently found in this series. In 91 cases 
there was invasion of either the peripheral 
dura and/or the falx or tentorium. In 4 
cases invasion was considered to be ques- 
tionable. The surgical reports varied some- 
what in their detail and therefore only an 
incomplete over-all picture could be ob- 
tained. 

Disparity between the operative records 
and the roentgenologic data is possibly ex- 
plained by the differing surgical records. 
The entire series was histologically re- 
viewed by one of us (M.D.) to reassess the 
pathologic findings. Of the 115 cases, 4 
could not be examined for various reasons, 
and in 9 cases the relevant pathologic ma- 
terial was not available. Therefore only 102 
cases were reviewed histologicallv. The re- 
view was essentiallv confined to a diagnosis 
of the tumor tvpe and a survev of the 
vascularitv in each case was made. The 
assessment of vascularity was largely sub- 
jective, no attempt being made to measure 
the caliber of vessels or to accurately ac- 
count for the number of vessels per micro- 
scopic field. It is felt that, since all tumors 
were assessed£by a eels observer, the 
estimate of relative vascularity should be 
valid. 

On the basis of relative vascularity the 
tumors were classified in 4 groups: (1) +, 
avascular; (2) ++, moderately avascular; 
(3) +++, moderately vascular; and (4) 
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+ -++-+, very vascular. 

For comparison with the roentgenologic 
study it was felt desirable to restrict 
classification to 3 categories (+, +4, 
J- J- --). It seemed reasonable to combine 
the first 2 groups (+, ++) into a single 
group since the difference i in vascularity be- 
tween these 2 groups is considerably less 
than that between groups 3 and 4. Fourteen 
cases of meningioma were of the angioblas- 
tic type (+ +++) (Fig. 8,7); 55 cases 
showed moderate vascularization (+++) 
(Fig. 85); only 4 cases were regarded as 
avascular (Fig. 8C), these being fibroblastic 
in type, while 29 cases were considered to 
be relatively avascular meningiomas. Dur- 
ing the histologic review an attempt to 
classifv the tumors according to whether 
they were vascularized by predominantly 
small or large vessels was also made. It 

was found that 14 cases had predominantly 
large vessels and 32 cases mainly small 
vessels, while in the remainder both small 
and large vessels were present in approxi- 
mately equivalent numbers (Table vii). 

Of the 102 cases histologic examination 
showed calcification in 16 instances (about 
15 per cent) as compared with 9 calcifica- 
tions out of 115 cases (7.8 per cent) found 
on roentgenograms. One case of meningioma 

was found to be associated with a glio- 
blastoma multiforme. 
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PATHOLOGY FINDINGS 
Clinical Cases i1 
Histologic Reassessment Possible 1 ๐ 
14 cases had ++ -++ vascularity 
ss cases had +++ vascularity 
29 cases had ++ vascularity 
4 cases had + vascularity 


s6 tumors with small and large vessels 
32 tumors with small vessels predominating 
14 tumors with large vessels predominating 


16 cases showed histologic calcification 
I case of meningioma was associated with a gho- 
blastoma 
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DISCUSSION 


Many investigators have commented 
upon the etiology of hvperostosis associ- 
ated with meningiomas. Numerous publica- 
tions have dealt with increased vascularity 
in the diploic spaces and vascular grooves 
caused bv hypertrophy of the branches of 
the external carotid artery. Osteoblastic 
reaction of bone due to meningeal tumors 
is still, in spite of many theories, a matter 
of contention. In the last decade more 
modern concepts of tumor circulation have 
been put forward to increase understanding 
of the nature of the meningiomas. The 
authors have attempted to correlate the 
appearance of tumor circulation seen in 
the angiogram with the bony changes which 
are often associated with meningeal tumors. 
This investigation was intended to deter- 
mine which tvpe of meningioma might be 
expected when various bone changes were 


Meningiomas 





Fic. 8. (4) Histology of angioblastic type 
meningioma. (B) Moderately vascular me- 
ningioma. (C) Avascular (fibroblastic) me- 
ningioma. 


seen on the plain skull roentgenograms. 
This series shows that the incidence of 
avascularitv in the presence of hvperosto- 
sis, enostosis and diffuse bone thickening 
lies above 65.2 per cent, while that of in- 
creased vascularity 1s below 47.8 per cent. 
The cases with increased vascular channels 
and bone erosion show an incidence of 
avascularity below 28.7 per cent. The 
vascularity of these latter groups is above 
67.7 per cent. These findings demonstrate 
the relatively high incidence of hyperos- 
tosis, enostosis and bone thickening and 
the relatively low incidence of vascular 
bone channels and erosion associated with 
avascular meningiomas. A high incidence of 
prominent vascular channels and bone ero- 
sion was observed in the presence of a 
vascular type of meningioma, which is less 
commonly associated with hyperostosis, 
bone thickening and enostosis. It can there- 
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fore be stated that where hyperostosis, 
enostosis, or bone thickening is seen on the 
roentgenogram, a relatively avascular men- 
ingioma may be expected and that in cases 
with increased vascular channels and bone 
erosion, a vascular meningioma may be 
encountered at operation. 

The changes noted on plain roentgeno- 
grams in this series proved to be important. 
Demineralization of the floor of the sella 
turcica and the posterior clinoid processes 
was evaluated bv the criteria used by 
Mahmoud (1958) which were found to be 
useful and accurate. The present series 
showed positive signs in 63.5 per cent of 
cases. Pineal shift was noted in 34.8 per 
cent of the 115 cases, a much higher inci- 
dence than that noted by Jacobson eż al. 
The incidence of calcification seen on the 
plain roentgenogram was, however, much 
lower than described in other series (7.8 
per cent). In this series there was a slightlv 
higher incidence in females than in males; 
these findings coincide with those of 
Horrax. The highest local incidence of 
meningiomas was found to be in the para- 
sagittal location (67.6 per cent) as against 
73 per cent reported bv Jacobson ef a/.® In- 
creased vascular channels were noted in 51 
per cent which is comparable with the 5o 
per cent incidence found bv Elsberg and 
Schwartz! in their series. 

The tumors were divided into 3 roent- 
genologic groups: vascular (homogeneous 
opacification); those showing abnormal 
vessels with an associated slight tumor 
blush; and those with complete or relative 
avascularity. These findings were com- 
pared and correlated with the histology in 
each case. In about 89.3 per cent the histo- 
logic vascularitv of the tumor showed cor- 
relation with the degree of vascularity ex- 
pected from roentgenographic findings. The 
remaining cases (10.7 per cent) showed lack 
of correlation of vascularity, assessed by 
roentgenologic and histologic methods, 
probably due to inadequate sampling of 
the total specimen. Usually, only a small 
portion of the tumor is sectioned, and, 
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where vascularitv differs from area to 
area, selection of a particular area will 
determine the apparent vascularity. On the 
other hand, lack ot correlation of the roent- 
genologic findings with the histologic speci- 
men may be due to the fact that only one, 
or a few afferent vessels of the dural supplv 
of a meningioma may be injected, and, 
therefore, a relative avascular zone seen on 
the arteriogram may be due to nonfilling 
of the main supplving vessel. It was ob- 
served by Wickbom?? and Lindgren? that 
in the case of selective injection of the 
external carotid artery, the central portion, 
and, by internal carotid injection, the 
peripheral portion of the tumor may be 
demarcated (Fig. 5, 4-D). In some cases 
only a segment of the tumor mav be out- 
lined, instead of the center part with selec- 
tive arterial punctures. The ring type 
tumor opacification was observed in t1 of 
Our cases. 

Correlation of the operative findings in 
these cases with the roentgenologic series 
demonstrates the fact that the incidence of 
enostosis visible at operation is slightlv 
higher than that observed on the skull 
roentgenograms. Four cases of enostosis 
found at operation were not demonstrated 
roentgenologicallv. This is to be explained 
by the fact that the enostosis was small and 
a tangential view of the involved area was 
not available for interpretation. In 3 cases, 
hyperostosis, seen in the roentgenogram, 
was not recorded in the operation report, 
possibly due to oversight, since roentgeno- 
graphically noted bone thickening, 7.e., 
sclerosis of the diploic spaces, was infre- 
quently commented upon at operation. 
Bone erosion, much more frequentlv seen 
roentgenographically, was only noted at 
operation in $ cases as against I4 such 
observations on the roentgenograms. It is 
believed that porosity of the inner table due 
to bone erosion is more readily demonstrable 
roentgenographically than at operation. An 
attempt was made to correlate the hilus of 
the meningioma, demonstrated very clearly 
in many instances on the roentgenogram, 
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with the operative findings. Unfortunately, 
manv of the surgical reports failed to record 
details of this finding. It was therefore 
decided to omit details of this appearance. 
The operativerecordsrevealed that invasion 
of the superior or inferior sagittal sinus 
occurred in 26 cases. Invasion of the dura 
was encountered in 91 out of 115 cases. 

Bone changes seen on the roentgenogram 
could not be correlated with histologic 
changes in the bone specimens because of 
inadequate records. 


SUMMARY 


A short review of the literature concern- 
ing meningiomas, relevant to the study 
under consideration, is given. 

The vascularity of 115 meningiomas was 
assessed in relation to associated bone 
changes in the skull. It was found that a 
relatively avascular meningioma 1s usually 
associated with hyperostosis, enostosis and 
bone thickening, while a vascular menin- 
gioma is often associated with increased 
vascular bone channels and bone erosion. 

The changes on plain skull roentgeno- 
grams in regard to the sella turcica and 
pineal gland shift in the presence of menin- 
giomas were observed and recorded. 

The sex incidence in patients with men- 
ingiomas and the incidence of meningioma 
location were determined and compared 
with similar findings in the literature. The 
operative records were reviewed and com- 
pared with the roentgen findings. 

The histology of the cases was studied 
and classification as to vascularity was 
carried out. This was considered in the 
light of the roentgenologic findings. 


H. Schunk, M.D. 
30708 N. Greenbriar 
Franklin, Michigan 
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LYMPHANGIOGRAPHY IN OBSTRUCTION* 


By RICHARD D. KITTREDGE, M.D., and NATHANIEL FINBY, M.D. 
NEW YORK, NEW YORK 


[| ส Is a practical ap- 
proach to the study of anatomy, 
physiology, and pathology of a system 
which until recently was not amenable to 
direct roentgenographic visualization.*.9:U 
Our method of lymphangiography follows 
that described by other authors.^*:4? The 
indications for its use are as follows: (1) 
study of chylothorax, chyloperitoneum, 
and chyluria; (2) evaluation of lympha- 
denitis; (3) determination of the extent of 
metastatic or neoplastic involvement of 
lymph nodes and to some degree the patho- 
logic nature of this involvement; (4) as a 
source of preoperative planning of lymph 
node dissection and as a monitor in the 
operating room of the completeness of the 
surgical removal; (5) proper anatomic 
placement of radiation ports; and (6) study 
of lymphatic obstruction. This paper is 
concerned with the manifestations resulting 
from obstruction.® 

The lymphatic system responds to im- 
pairment of its natural pathways of drain- 
age in different ways. There may be simply 
an increase in the number of vessels cours- 
ing along the proper pathways, or accom- 
panying this increase, there may be dilata- 
tion of the vessels. Dilatation has also been 
seen without an increase in the number of 
channels. Some patients show a massive 
filling of the skin lymphatic vessels and 
formation of collateral circulation at a more 
peripheral level. This has been referred to 
as dermal backflow. In an obstructed ex- 
tremity any one of these changes may occur 
locally, not necessarily indicating the level 
of the mechanical block. Lymphangio- 
grams will show these changes immediately 
after the completion of the injection. À 
factor of greatest importance is that 12 and 
24 hour delayed lymphangiograms con- 
tinue to show these abnormalities. Indeed 
contrast materia] may remain in these ab- 


normal channels for days if the obstruction 
is severe, whereas in normal unobstructed 
channels, the medium 1s emptied in 24 
hours. 

The pelvis and abdomen show great 
hypertrophy of the lymph vessel network. 
The pelvic vessels tend to course toward 
the mid-line and anastomose with the 
internal pelvic drainage system; this is not 
normally seen after injection into the feet. 
In the abdomen the normal lymphatic 
vessels stay close to the vertebral column 
as they form the para-aortic chain. In ob- 
struction, however, there may be collateral 
branching outward toward the kidney 
areas. This was dramatically demonstrated 
recently in a chyluria patient in whom a 
chylous fistula was visualized between the 
lymphatic system and the urinary tract on 
lymphangiograms.’ 

Below are some illustrative cases in 
which lymphangiography has proved to be 
a valuable procedure. 


ILLUSTRATIVE CASES 


Case 1. This 34 year old man entered the 
hospital with the chief complaint of intermit- 
tent right leg swelling for a period of 20 years. 
This had become more persistent in the pre- 
ceding few years. The past history was signif- 
icant in that approximately 24 years prior to 
admission, he probably had filariasis. On phys- 
ical examination the right lower leg was 
edematous with thickened skin. 

Lymphangiography revealed an increased 
number of vessels, some extending quite 
peripherally (Fig. 1). The caliber of the vessels 
was normal. On a 24 hour lymphangiogram an 
abnormal network of vessels was still visualized 
in the calf area. (Fig. 2). 


Case 11. This 78 year old woman entered the 
hospital with the diagnosis of carcinoma of the 
vulva. This was surgically removed. The in- 
guinal lymph nodes were slightly enlarged 
bilaterally. Three months later a left groin dis- 


* From the Department of Radiology, St. Luke’s Hospital, New York, New York. 
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section was vas followed in 1 
month by : a ae The lymph 
nodes contained tumor bilaterally. Following 
the groin dissections the patient developed 
episodic swelling of both thighs and to a lease: 
degree of both lower legs. The skin remained 
normal in texture. The edema was never in- 
capacitating and responded well to rest and 
leg elevation. 
Lymphangiogra P hy was 
following the dissections. 


performed 1 vear 
The vessels in the 





Fic. 1. Case r. A lymphangiogram shows an increased 
number of vessels, some extending rather peri- 
pherally. The caliber of the vessels is quite normal. 
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bic. 2, Case 1, A 24 hour lymphangiogr ram shows an 


[n 


abnormal network of vessels still visualized in the 
calf area. 


lower leg were increased in number and showed 
definite areas of dilatation and beading (Fig. 
3). The local areas of dilatation in the lower 
thigh were more marked on a 24 hour follow-up 
ly mph angiogram (Fig. 4). In the inner aspects 
of both th ighs, where th re edema was most per- 
sistent, ere. was massive filling of the skin 
lymphatic vessels (Fig. $) 


a 


“iii 


Case rn. This $8 year old woman had a 
subtotal gastrectomy for carcinoma of the 
stomach. At operation, metastases were noted 
in the abdominal cavity, liver, mesentery and 
pelvis. In the 2 years slow ine operation, she 
developed recurrent ce pleu ral effusion, 

A Iymphangiogram made 2 years after opera- 
tion showed a marked increase in the number of 
vessels with dilatation a no dermal backflow in 
both infrainguinal areas (Fig. 6). On the 49 
hour follow-up EUN UR eh changes were 
still dramatically seen. In the pelvis, contrast 
material had dissected towards the midline to 
anastomoses with the internal pelvic drainage 

. In the abdomen, there was flow 


system (Fig. 7) 
of contrast material laterally towards the renal 
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it. The local areas of dilatation are more 
r thigh on a 24 hour follow-up 
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Fic. ¢. Case n. In the aspects 1 
where the edema was most persistent, there is 
skin Iwmphatic vessels. 
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marked increase 
dilatation and dermal backflow in both infra- 
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inguinal areas. 





Fic. 7. Case ne A 48 hour follow-up lymphangio- 


gram of the pelvis shows that contrast material 
has dissected towards the midline to anastomoses 
with the internal pelvic drainage system. 


and retroperitoneal lymphatic ves- 


sels (Fi g, 5 


SUMMARY 


The different responses of the lymphatic 
vessels to obstruction as revealed bv 
lymphangiography are discussed and illus- 
trative examples are given. These changes 
when interpreted will often explain the 
clinical picture. 


Richard D. Kittredge, M.D. 
Department of Radiology 
St. Luke's Hospital 

421 West 113 Street 

New York 2 ] New York 
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ANGIOGRAPHY USING DIRECT ROENTGENOGRAPHIC 
MAGNIFICATION IN MAN* 


By TIMOTHY TAKARO, M.D.,t and STEWART M. SCOTT, M.D.t 


OTEEN, NORTH CAROLINA 


NCREASED interest in cardiovascular 

diagnostic and therapeutic techniques 
has enhanced the need for refinements in 
the techniques of angiography to yield 
better angiograms, with finer detail and 
greater clarity and definition than ordinary 
techniques can provide. A roentgenologic 
technique has been available for approxi- 
mately a decade’ by which the roentgen 
image is magnified directly, with preserva- 
tion of fine detail. This is accomplished by 
using the ultra-fine focal spot of the rotat- 
ing-anode roentgen tube as the roentgen- 
ray source, and by altering the usual tube- 
object-film distance relationships so that 
the tube is closer to and the film farther 
from the object. A magnified image with 
enhanced detail may thus be obtained. Use 
of this technique thus far has been limited 
to studies involving bones, joints, soft tissue 
calcifications, and the lung parenchyma. 
Recently, it has been applied with success 
in angiography in the experimental animal, 
to delineate cerebral, coronary, renal and 
peripheral vessels.** This report details the 
initial promising studies in man. 


METHOD 


The subject or part to be magnified was 
positioned on a horizontal radiolucent port- 
able table-top * supported at either end by 
fixed or movable supports, and elevated ap- 
proximately 20 inches above the film. Scis- 
sors-type automobile jacks could be adap- 
ted admirably for this purpose (Fig. 1, 4 
and B). The roentgen tube was positioned 
at a distance of 40 inches from the film, pro- 
viding 2X magnification. 

* Schdnander-Elema. 


The fine (0.3 mm.) focal spot of either 
the standard double-focus rotating-anode 
roentgen tube** or a specially constructed 
roentgen tubet was used in these studies. 
Film changers included a manually-oper- 
ated tunnel cassette changer, an auto- 
matically operated long-cassette changeri 
or the standard single-plane Schónander 
film changer. Roentgenographic films used 
were par speed du Pont or Ansco film, with 
par speed intensifying screens. With the 
Schónander apparatus, the standard grid 
(60 lines to the inch) was used; however, 
with the automatic long-cassette changer, a 
fine-line grid, 110 lines to the inch, was em- 
ployed. 

Á control roentgenogram was taken for 
position and technique. Using the Mach- 
lett tube, which permits a maximum of 20 
ma. of current, exposure times varied from 
#th to 4 second for peripheral angiograms, 
and up: to 6 seconds for abdominal aorto- 
grams; the kv.p. depended upon the part 
being examined. The specially constructed 
Dunlee tube permitted pulmonary angio- 
grams to be made using the Schónander film 
changer at #th of a second, 100 ma., 74-88 
kv.p. 

For peripheral arteriograms, an 18 gauge 
thin-walled arterial needle was inserted well 
up into the femoral or brachial artery in a 
retrograde direction percutaneously, and to 
this was attached a short length of plastic 
tubing with adapters for needle and syringe. 

Circulation time to the extremities 
(hands, and. feet or the popliteal area) was 


** Machlett Laboratories, Inc., Springdale, Connecticut. 
t Dunlee Corporation, Bellwood, Illinois, 
t Grafax Corporation, New York, New York. 


* From the Cardiopulmonary Research Laboratory and the Radiology Service, Veterans Administration Hospital, Oteen, North 
Carolina, 


Presented before the Section on Radiology, American Medical Association, Chicago, Illinois, June 25, 1962. 
This study was supported in part by & grant from the American Heart Association, 


1 Chief, Surgical Service, Veterans Administration. 
t Associate Chief of Staff, Veterans Administration. 
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lic. 1. G7) Arrangement of roentgen tube, patient, 
and roentgen-ray cassette to produce the arterio- 


gram in Figure 3. Patient placed on radiolucent 
table top supported by specially adapted scissors- 
type automobile Jacks, which initially are in the 
down position. (B) The table top bearing the pa- 
tient has been elevated to a height of approxi- 
mately 18 inches above the cassette, giving a 
target-hlm distance which is twice the target-ob- 
ject distance. In practice, the roentgerographic 
film is in a rapid film changer of the tunnel tvpe, 
or in an automatic film changer (see text). 


determined next, using radioactive iodin- 
ated serum albumin (RISA) with a 1 inch 
scintillation detector* positioned directly 
over the field of interest. RISA in a quan- 
tity of 40 to 100 uc in a 3 to 5 cc. volume of 
saline was placed into the plastic tubing; it 
was then rapidly injected into the artery bv 
injecting a bolus of 20 cc. of saline con- 
tained in a hand-held svringe attached to 
the tubing. The initial peak of the curve re- 


Nuclear-Chicago Corporation, Des Plaines, IHlinois. 
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corded by a direct-writing recorder gave an 
estimate of the interval of time elapsing be- 
tween the injection of the RISA into the 
brachial or femoral artery, and its appear- 
ance at the periphery. This was used to de- 
termine the time interval to be observed 
between the injection of radiopaque me- 
dium and the beginning of roentgenographic 
exposures. 

For the lower extremities, including the 
feet, sodium and methylglucamine diatri- 
zoates, 60 per cent,** in 3 ๐ to 5o cc. doses 
was injected; for the angiograms of the 
small vessels of the hand, 15 cc. of a solu- 
tion of £o per cent diatrizoate sodium? was 
used, diluted to a 25 per cent solution using 
an equal volume of the patient's own blood, 
3 to § minutes after an intra-arterial injec- 
tion of so mg. of tolazoline hydrochloride? 
in ro cc. of saline. Most of these injections 
were made manually. 

For pulmonarv angiography and intra- 
venous abdominal aortography, the stand- 
ard technique was used of inserting a large- 
bore NIH catheter into the right atrium 
under fluoroscopic guidance. Circulation 
time to the abdominal aorta (but not to the 
pulmonary vessels) was determined by in- 
jecting as little as 16 uc of RISA intothe 
right atrium rapidly while the scintillation 
detector was held over the epigastrium mid- 
way between the xiphoid process and the 
umbilicus. The radiopaque medium used 
was 60 to 100 cc. of sodium diprotrizoate 
and diatrizoate$ injected with a Gidlund 
high pressure manually-operated syringe. 


RESULTS 


Angiograms using direct roentgeno- 
graphic magnification were obtained in 17 
patients thus far. In 7, the extremities were 
the subject of study; in 5, abdominal or 
renal arteriograms were attempted; and in 
4, pulmonary angiograms were made. A 
single cerebral angiogram was attempted in 
one patient. 

The greatest success was obtained in 


** Renopgrafin. 
1 Hypaque. 
Í Priscoline, 
$ Ditriokon. 





Fig. 2. Arteriogram obtained using direct roentgeno- 
graphic magnification of the left hand of a patient 
with bilateral below knee amputations for Buer- 
ger's disease. Occlusion of the distal segments of 
the digital arteries to the index and middle fingers 
is demonstrable. 


peripheral angiography, as would be ex- 
pected from the limitations on the tech- 
nical factors which were imposed by the 
characteristics of the fine focal spot of the 
roentgen tube used. Details of digital ar- 
teries and the vascular tufts at the ends of 
the fingers could be visualized in both the 
patients in whom the technique was applied 
(Fig. 2). In one patient with a soft tissue 
tumor of the lower leg, very fine vascular 
detail could be made out with clarity (Fig. 
3). The pulmonary angiograms also showed 
great promise, with excellent visualization 
of the fine vascularity of the pulmonary 
parenchyma (Fig. 4). This was also true if 
the ultra-fine focal spot of the special 
roentgen tube was used even without mag- 
nification. The angiograms attempted of 
the abdominal vessels and of the cerebrum 
left much to be desired, since the greater 
penetration necessary could not be achieved 
with very short exposures, and longer ex- 
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posures allowed motion to produce blur- 


ring. 
DISCUSSION 
In the continuing clinical study of dis- 


eases affecting the small vessels of the 
coronary, pulmonary, renal, cerebral, and 
peripheral circulation, it would seem to be 
invaluable to have available a technique of 
angiography which could provide clear and 
detailed visualization of vessels down to a 
diameter of 100 u or less. Such a technique 
has been explored clinically by Takahashi,’ 


Fic. 3. Arteriogram obtained using direct roent- 
genographic magn fication of an atypical myxoma 
involving the anterolateral aspect of the right leg. 


Vor. 91, No. 9 


and is available for experimental animals.?? 
The limitation imposed bv the small total 
milliamperes tolerated by targets of ultra- 
fine focal spot size necessitates longer ex- 
posures than are desirable. This requires 
momentary circulatory arrest for optimal 
results in coronary arteriography, and bal- 
loon occlusion of the suprarenal abdominal 
aorta for renal arteriography. Clinically, 
the use of such techniques is objectionable. 
Thus clinical application appears to depend 
upon the development of a roentgenogra- 
phic tube with an ultra-fine focal spot which 
will permit currents of S00 ma. or more. 
Such characteristics were approached by 
our special tube, which, however, at the 
maximum milli ภา ก permitted, pos- 
sessed a filament life of only iboi 10 
hours. The problem of heat dissipation from 
the anode under such conditions is a very 
dificult one to solve, whether one depends 


upon refinements in the construction of 


conventional thermal emission roentgen 
tubes,! or hopes for revolutionary dev elop- 
ments in the newer field emission roentgen 
tubes.? At any rate, further important ad- 
vances in the increased visualization of the 
finer ramifications of the vascular tree will 


depend in part upon the achievement of 


electron current densities much greater 
than those presently available. This ap- 
proach is being explored at the present 
time. Whether the additional information 
obtained as a result of these etforts will be 
of significance clinically is still conjectural 
and will also be the subject of further study. 


SUMMARY 


The possibility of applying direct roent- 
genographic magnification toclinicalangiog- 
raphy has been explored. A specially con- 
structed roentgen tube with an ultra-fine 
focal spot (0.3 mm.) having a maximum 
rating of 250 ma. was used, as well as the 
ultra-fine focal spot of a conventional 
double-focus roentgen tube. The conven- 
tional target-object and object-hlm dis- 
tance relationships were altered to give 
direct magnification to twice normal size. 


Angiography Using Magnification 





Fic. 


4. Pulmonary angiogram using direct roent- 
genographic magnification to demonstrate the 
fine vasculature of the lung. 


Magnified angiograms of renal, cerebral, 
abdominal, pulmonary, and peripheral ves- 
sels were obtained. 

The technique proved useful so far only 
in the peripheral and pulmonary vessels 
where the low permissible millamperage 
was not a serious disadvantage because 
penetration was not a problem. For mag- 
nification of such core structures in the 
adult human as the heart and kidneys, 
sources of roentgen ravs will have to be 
modified to provide electron current densi- 
ties much greater than those presently 
available. 


Timothy Takaro, M.D. 
Veterans Administration Hospital 
Oteen, North Carolina 
' wish to แล the a as- 
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ADDENDUM 

Since the preparation of this report, digi- 
tal and selective renal arteriograms, as well 
as lymphangiograms have been obtained in 
Ig additional patients by essentially the 
same techniques, with good results. 
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THE ROENTGEN CONTRAST MEDIA POTENTIATION 
OF NEMBUTAL ANESTHESIA IN RATS* 
By ELLIOTT C. LASSER, M.D., GONZALO ELIZONDO-MARTEL, M.D., and 
RICHARD C. GRANKE, B.S. 


PITTSBURGH, PENNSYLVANIA 


I^ THE course of a previous investigation 
of the protein binding properties of 
roentgen contrast media, an incidental 
observation was made that appeared to re- 
late depth of anesthesia in rats to the con- 
comitant injection of certain contrast ma- 
terials. Since this observation, if substan- 
tiated, might prove to be of both theoretic 
and practical significance, the following 
experiments were undertaken. 


METHODS 


1. Stock white female Wistar rats of 
average adult weight (approximately 250 
gm.) were anesthetized with 36 mg. per kg. 
of nembutal* given intraperitoneally. Im- 
mediately after the induction of anesthesia, 
the animals were injected intramuscularly 
with 7o per cent urokonf at a dosage 
schedule of 4,900 mg. per kg. The period of 
time elapsing from the onset of anesthesia 
to the first spontaneous indication of wake- 
fulness was noted and recorded. 

2. Similarly anesthetized groups of rats 
were injected with 15 per cent rheomacro- 
dax,{ a low molecular weight dextran prep- 
aration (10.0 cc. per kg. intraperitoneally). 

3. Another group of anesthetized rats 
was injected with intramuscular urokon 
and rheomacrodax in the dosages noted. 

4. Control groups for anesthesia dura- 
tion consisted of rats injected with nembu- 
tal alone, with nembutal and normal saline, 
and with nembutal and rheomacrodax in 
the dosages indicated. Since rheomacrodax 
was supplied in a 5 per cent dextrose solu- 
tion in water, a further control group was 

* Sodium pentobarbital—Abbott. 


t Sodium acetrizoate— Mallinckrodt Chemical Works. 
f Pharmacia Laboratories. 


* Supported by N.I.H. Grant A-5414. 


run with urokon and nembutal as noted, in 
addition to 5 per cent dextrose in water (10 
cc. per kg. intraperitoneally). 

5. In another set of experiments, the po- 
tentiation of nembutal narcosis by gradu- 
ated dosages of urokon in rats injected with 
a standard rheomacrodax dosage was de- 
termined. 

6. To evaluate the duration of survival 
after injection of a lethal dose of urokon, 
16,100 mg. per kg. of 7o per cent urokon was 
injected intraperitoneally (approximately 3 
times the LDso intravenous dosage), in 
groups of rats (a) without other drugs, (b) 
with 10 cc. per kg. of 15 per cent rheomacro- 
dax, (c) with 36 mg. per kg. of 6 per cent 
nembutal, and (d) with 36 mg. per kg. of 
6 per cent nembutal and 10 cc. per kg. of 15 
per cent rheomacrodax. 

7. Groups of rats were subjected to con- 
trolled atmospheres of ether, and total sleep 
time was determined after subsequent in- 
jections of 70 per cent urokon (4,900 mg. 
per kg. of 7o per cent solution intra- 
muscularly). These were matched against 
control rats injected with normal saline 
and subjected to the same ether atmos- 
phere. 

8. Total sleep time was determined in a 
group of rats in which an equivalent 
amount of 5o per cent hypaque* was substi- 
tuted for 70 per cent urokon. Similar de- 
terminations were made in rats with injec- 
tions of 52 per cent cholografinf in place of 
urokon. 

9. Rabbits were substituted for rats in 
the urokon-sleep potentiation studies. 


* Sodium diatrizoate—Winthrop Laboratories. 
T Sodium and methylglucamine iodipamate—Squibb, 


From the Department of Radiology, University of Pittsburgh School of Medicine and the Presbyterian-University Hospital, Pitts- 


burgh, Pennsylvania. 


Presented in part at the Tenth International Congress of Radiology, Montreal, Quebec, Canada, September 1, 1962. 
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Fic. 1. Prolongation of nembutal narcosis by 
urokon and urokon-rheomacrodax. 


10. In a number of these procedures, the 
amount of I?! labeled urokon that could be 
recovered from the brains of animals with 
urokon potentiation of nembutal anesthesia 
was determined. Similarly, trypan blue, 
injected intraperitoneally prior to narcoti- 
zation, was utilized as an indicator of blood- 
brain barrier integrity in sample animals. 


RESULTS 


With a constant nembutal dosage of 36 
mg. per kg. intraperitoneally, the average 
duration of narcosis was 226 +15.6 min- 
utes. This was not altered significantly by 
the addition of 15 per cent rheomacrodax 
intraperitoneally or normal saline intra- 
muscularly. When the animals were in- 
jected concomitantly with 70 per cent 
urokon, the average period of narcosis in- 
creased to 374+I4.9 minutes. When a 
group of animals was injected with both 
nembutal and urokon as noted but received 
in addition rheomacrodax intraperitoneally, 
the nembutal narcosis was further poten- 
tiated to a mean level of 561 +14.6 minutes. 
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The statistical significance of these findings 
and the distribution values can best be 
noted by reference to Figure I. 

When the nembutal dosage and the rheo- 
macrodax dosage were maintained and in- 
creasing amounts of urokon were injected, 
there appeared to be a step-wise increase in 
the potentiation of the nembutal narcosis. 
This is shown in Figure 2. 

Since nembutal-anesthetized rats in- 
jected with rheomacrodax and urokon slept 
longer on the average than similar rats 
injected with urokon alone, it was thought 
advisable to determine whether the addi- 
tional potentiating effect of rheomacrodax 
might be due in part to the 5 per cent dex- 
trose-water in which the rheomacrodax was 
prepared. Rats receiving an equivalent 
amount of dextrose in water, however, 
failed to show any further potentiation of 
nembutal-urokon narcosis (average sleep 
time 381 +14.9 minutes). It was apparent, 
then, that the dextrose solution did not of 
itself contribute to the potentiation of nar- 





Fic. 2. Effect of graduated urokon dosages on 
urokon-rheomacrodax narcosis potentiation, 
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cosis in the rats injected with rheomacro- 
dax, urokon and nembutal. 

When the urokon dosage was increased to 
a level approximately twice that of the es- 
tablished LD, intravenous dose and in- 
jected intraperitoneallv, with and without 
nembutal anesthesia, and with and without 
concomitant rheomacrodax injections, al- 
most all rats expired within several hours 
A statistically significant increase in mean 
survival times, however, resulted in the 
group of rats given nembutal anesthesia 
with the urokon and more so when rheo- 
macrodax was also added. It is noteworthy 
that rheomacrodax without nembutal »ro- 
duced no significant increase 1 ท mean sur- 
vival time in these nonanesthetized rats 
(Fig. 3). 

When so per cent hypaque was substi- 
tuted for urokon in equivalent dosages, po- 
tentiation of nembutal narcosis did not 
occur (lig. 4). Cholografin, on the other 
hand, produced considerable potentiation 
of nembutal anesthesia, even at dosages 
amounting to half the molar equivalence 
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Survival in Minutes 





70% Urokon 70% Urokon 70% 70% Urokon 

23cckg. 23cc/kg. 23c 23 cd kg. 
15% Rheoma. 6% Nembutal 6% Nembutal 
lOcc/kg. O6cc/kg. 06 cc/kq. 
15% Rheomo. 

IO cc/kg. 


*Significance of difference from Urokon group. 


3. Duration of survival after injection 
of lethal dose urokon. 
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Average 
Narcosis 
220 min. 


6 % Nembutal |.P 
0.6 cc/kg. 
50% Hypaque ILM. 
11.0 co/kg. 


6% Nembutal | P 
O.6cc/kg. 
Normal saline I.M. 


7.0 cc/kg. 


Fic. 4. Effect on nembutal narcosis of hypaque. 


of urokon (see details in ensuing discus- 


sion). 


Ether anesthesia in rats could not be 
potentiated by concomitant urokon injec- 
tions. Groups of rats injected with urokon 
in dosages similar to those of the nembutal 
experiments awakened at approximately 
the same time as did their controls injected 
with normal saline in a controlled ether 
chamber. Likewise, the substitution of rab- 
bits for rats in the urokon-nembutal ex- 
periments led to a failure of sleep potentia- 
tion. 

In a number of experiments an attempt 
was made to determine the average amount 
of P?! labeled urokon that accumulated in 
the total brain when sleep potentiation was 
produced with this substance at dosages of 
4,900 mg. per kg. At no time could more 
than o.§ per cent of the total injected dose 
of urokoh be recovered in whole brain 
counts averaged out for groups of rats 
sacrificed at varying intervals after injec- 
tion. In these animals, no attempt was 
made to wash out the blood in the cerebral 
circulation. Similarly in a number of ani- 
mals, 5 cc. of o.1 per cent solution of trypan 
blue injected into the peritoneal cavity 
failed to discolor the brain in rats injected 
with nembutal and urokon in the dosages 
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mentioned and sacrificed at varying inter- 
vals over a 24 hour period. 


COMMENT 


The results of these series of experiments 
indicate that rats under nembutal anes- 
thesia, injected concomitantly with varying 
amounts of urokon, or urokon together with 
low molecular weight dextran, show poten- 
tiation of the expected nembutal narcosis 
without alteration of the so-called “blood- 
brain barrier." There 1s, furthermore, evi- 
dence from these studies that the noted 
potentiation of nembutal narcosis is re- 
flected in an increase in the immediate sur- 
vival time of rats injected with very high 
dosages of urokon. 

On reviewing the literature, we encount- 
ered the following quotation in a paper of 
McAfee and Willson” in 1956: “It is theim- 
0 of the anesthesia department of 

the Johns Hopkins Hospital that the dura- 
tion and depth of depression after aortogra- 
phv under Pentothal are greater than is 
usually seen in surgical patients receiving a 
similar amount of Pentothal." They were 
unable to determine a rationale for this ob- 
servation but suggested the possibility that 
the pentothal depression might be increased 
synergistically by the contrast media. 
These authors do not specify a particular 
contrast mater ET m it 1s Bales from 


a at pw time. a was interest- 
ing to find also that Killen, Lance, and 
Owens,’ while working with dogs in an 


experimental evaluation of the toxicity of 


certain contrast media in aortography, 
noted incidentally what appeared to be a 
potentiation of the barbiturate (nembutal) 
anesthesia by urokon. 

A number of compounds are known to 
potentiate barbiturate anesthesia 7» vivo. 
This list includes the nitro and halophenols, 
inorganic nitrates, nitrites and iodides, 
certain organic iodine compounds, glucose 
and its metabolic products, antihistamines, 
adrenalin, serotonin and many others.**> ? 
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161719 The mechanism of this potentiation 
has not vet been identified. Additive brain 
depression, increased permeability of the 
brain capillaries, concentration alterations 
in the plasma and tissue fluids resulting 
from injections of substances with a high 
osmotic pressure into the peritoneal cavity, 
alteration of the brain threshold to the 
barbiturate and many other theories have 
been proposed. None of these, however, ap- 
pear to be consistently applicable. 

Existing evidence suggests that the de- 
pression of cellular activity in the brain 
that results from barbiturate administra- 
tion is fundamentally a result of depression 
of high energy phosphate bond formation 
without significant reduction of oxygen con- 
sumption. This selective depression of 
phosphorylation without significant altera- 
tion in oxidation in the course of energy 
utilization has been termed “uncoupling” 
and can be quantitated 77 vitro by the 
utilization of properly prepared mitochon- 
drial preparations. Selective depression of 
phosphate bond formation in this fashion is 
a property shared by many nonanesthetic 
drugs. While barbiturates do not show a 
selective preferential affinity for brain,’ it 
is evident that their concentration in ‘this 
organ must exceed that of other equally 
effective uncoupling agents that do not 
produce narcosis if the uncoupling predica- 
tion is to be valid. 

In a general wav, it seems evident that 
the prolongation of barbiturate narcosis 
beyond a control value by a second drug 
could result from either slowing of the 
metabolic degradation or excretion of the 
barbiturate, or from decreasing the brain 
threshold to the barbiturate. It might also 
result, however, from increasing the per- 
eenb et of the blood-brain barrier or de- 
creasing the total metabolic rate and tem- 
perature of the animal.!? 

Of the possible mechanisms just enumer- 
ated, the present observations are best ex- 
plained by what appears to be an alteration 
in the metabolic degradation and excretion 
of sodium pentobarbital predicated on the 
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basis of comparative protein binding cy- 
namics. To support this hvpothesis, one 
might consider the following facts: 

Both the contrast material and nem- 
butal are partially bound to albumin in the 
plasma and in the tissue spaces, and pre- 
sumably in some intracellular locations as 
well. The binding of the contrast media has 
been detailed in a previous communica- 
tion." The avidity of the bond to albumin 
varies from one contrast material to 
another and from species to species. Nem- 
butal has been shown to be predominantly 
bound to albumin in rats at the injection 
levels utilized in our studies.” 126 

At therelative concentrations pertain- 
ing Z7 vivo in our study, however, sodium 
pentobarbital could only minimally dis- 
place Pl? labeled urokon from albumin 
binding sites in competitive equilibrium 
dialysis.!* Presumably, then, at the relative 
concentrations ENSIS ed, sodium perto- 
barbital could not compete favorably with 
urokon for these binding sites. In this cir- 
cumstance, the total amount of bound 





nembutal would be diminished in favor of 


an increase in the unbound, freely difusa- 
ble fraction in the circulating plasma and 
in the tissue spaces. 

3. We found neither significant penetra- 
tion of ['! labeled urokon into the central 
nervous svstem nor evidence of alteration 
of permeability of the blood-brain barrier 
with potentiation of nembutal narcosis. 

In the light of these facts, one might 
hvpothesize that urokon potentiates anes- 
thesia in our experimental circumstances by 
occupving binding sites on albumin to the 
relative exclusion of nembutal from these 
areas. This in turn promotes a higher con- 
centration of unbound diffusable nembutal 
tree to penetrate the central nervous svs- 
tem. It also imposes on nembutal a limita- 
tion on albumin transport mechanisms to 
liver conjugation sites and renal excretory 
sites, and infers a relative exclusion from 
the hepatic parenchymal cell with its 
preference for the more avid binders. Since 
a dynamic equilibrium pertains, 1t is ex- 
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pected that the percentage of bound nem- 
butal will increase in relation to the unload- 
ing of the bound contrast material by the 
animal’s excretory mechanisms. Reference 
to Figure 2 will emphasize the almost linear 
relation between increasing dosages of 
urokon and increasing narcosis potentiation 
in the animals injected with combinations 
of nembutal, urokon and rheomacrodax. 
The additive potentiation of anesthesia 
noted in the rheomacrodax-urokon-nembu- 
tal animals was at first difficult to explain. 
Rheomacrodax is essentially a polymer of 
glucose and the potentiation of barbiturate 
anesthesia by glucose and its metabolic 
products 1s as vet unexplained.? These 
products are not uncoupling agents and 
rheomacrodax bv itself did not increase the 
average nembutal narcosis. Recent electro- 
phoretic evidence cited by Ponder and 
Ponder indicates that dextran coats, or 
more generally speaking, interacts with 
serum albumin and it was at first thought 
possible that this might bear on the addi- 
tive nembutal potentiation. Previous 77 
vitro experiments in this laboratory, how- 
ever, had failed to indicate any interfer- 
ence bv low molecular weight dextran in 
the binding of I?! urokon to albumin. It 
then occurred to us that perhaps dextran 
interfered with the excretion of urokon in 
the rat and this in turn accounted for the 
nembutal potentiation. The linear relation- 
ship between nembutal potentiation and 
urokon dosage in the group of rats under 
consideration supported this possibility. 
Accordingly, 1o rats injected with I™ 
labeled urokon and nembutal were com- 
pared with ro rats injected with I?! labeled 
urokon, nembutal and rheomacrodax for 
total urinary excretion at 2 hour postinjec- 
tion sacrifice. All rats underwent urethral 
ligation at the beginning of the experiment. 
The bladder contents aspirated at the time 
of the 2 hour sacrifice showed an average of 
15 per cent of the injected urokon in the 
animals without rheomacrodax and an 
average excretion of 7.8 per cent in the ani- 


mals that had received rheomacrodax along 
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with urokon and nembutal. Only 2 per cent 
of the injécted urokon could be recovered 
in the intraperitoneal fluid aspirates of the 
animals injected with  rheomacrodax. 
Counts made of the animal carcasses after 
aspiration of the urinary bladder contents 
in both groups of animals in comparison 
with a standard of the injected material 
counted under similar geometric circum- 
stances was also done. Total counts of the 
bladder aspirates and the residual rat car- 
casses in each group showed approxi- 
mately an 80 per cent accountability of the 
total injected urokon. 

Itis evident, then, that the additive po- 
tentiation of low molecular weight dextran 
in these rats could be in large part due to a 
retarded excretion of urokon. This excre- 
tory diminution could not be ascribed in 
significant degree to osmotic trapping of 
urokon in the peritoneal cavity and cannot 
at this time be satisfactorily explained. Of 
interest in this regard, however, may be the 
observation by Theile and Theile!? in chil- 
dren that the intravenous injection of poly- 
vinylpyrollidone (PVP) and dextran led not 
only to dilution caused by the infused fluid 
but led also to an increase in protein in the 
interstitial tissues derived from albumin 
driven out of the bloodstream and into 
these areas. 

To help substantiate the hypothesis of 
altered binding dynamics as an explanation 
for potentiation of nembutal anesthesia, 


three predications have been tested and ful- , 


filled. The first was that contrast media 
capable of displacing urokon from albumin 
should potentiate nembutal anesthesia to a 
greater extent than did urokon. This was 
verified by substituting cholografin for 
urokon. Previous studies from this labora- 
tory" had indicated a considerable advant- 
age for cholografin in competitive albumin 
binding in the rat at approximately the 
same molecular concentrations. When an 
equivalent concentration of cholografin was 
substituted for urokon in 20 rats under 
nembutal anesthesia, all 20 rats died within 
48 hours. Of significance, however, was the 
fact that no rat awakened from anesthesia 
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during this period with almost half the rats 
continuing under narcosis for 24 hours or 
longer. The cholografin dosage was then 
reduced to 4 the molar equivalent of urokon 
and in these 20 rats, the average sleep time 
was 340 minutes, almost equal to that noted 
with twice the quantity of urokon. 

The second predication was that contrast 
media with relatively poor binding poten- 
tial! would not, in equal quantities, en- 
hance nembutal narcosis. This proved to be 
the case on injection of hypaque (Fig. 4). 

The third predication was that utilization 
of rabbits rather than rats would not pro- 
duce significant urokon-nembutal narcosis 
potentiation. Previous competitive binding 
studies had indicated that for an equal 
molar concentration of urokon (1.03 1077 
M) rats showed approximately a four fold 
advantage over rabbits in bound to un- 
bound urokon ratios.“ Accordingly, rab- 
bits under nembutal anesthesia were in- 
jected with intramuscular 7 ๐ per cent 
urokon at a dosage rate of 3,500 mg. per kg. 
No significant difference could be detected 
in the total sleep periods for 5 rabbits in- 
jected with nembutal and urokon in com- 
parison to § rabbits injected with nembutal 
alone. 

All of the evidence cited above seems to 
lend support to the hypothesis that poten- 
tiation of anesthesia by urokon in our test 
animals is connected with their relative 
protein binding dynamics. A study of the in 
oitro uncoupling properties of urokon-nem- 
butal combinations in comparison with 
nembutal alone is now in progress in our 
laboratories, but it seems unlikely that the 
potentiation is basically related to the un- 
coupling mechanism since no enhancement 
of narcosis resulted with injection of urokon 
in the ether narcotized animals and ether is 
an uncoupling agent that, as far as we can 
determine, has not been shown to interfere 
with protein binding. It will be of interest 
to determine the actual nembutal levels 1n 
rat brains under the circumstances of our 
experiment at varying times. This is pres- 
ently under study, and will be reported in a 
separate communication. 
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Finally, consideration should be given to 
the significance, 1f any, in experimental 
toxicity studies, of the roentgen contrast 
media potentiation of nembutal narcosis. 
Studies of the toxicity of contrast media 
and other drugs are often carried out in 
small animals under barbiturate anesthesia. 
If, in a comparative study of the toxicity of 
two related drugs, one is found to potenti- 
ate nembutal anesthesia and the other not 
to, it is obvious that this must be given 
credence in evaluating specific parameters 
affected by drug injection in nembutal- 
narcotized animals. 

Hoppe and Archer’ have shown in experi- 
mental animals that the intracisternal 
toxicity of contrast media was reduced 
under nembutal anesthesia. Although anes- 
thesia here was associated with reduction 
in toxicity, it did not abolish the terminal 
convulsive phenomena, but simply shifted 
the dose mortality curve to a higher dose 
level. Furthermore in 1950, Ziperman, 
Hughes and Shumacker?? showed that un- 
anesthetized mice given 6,000 mg. of dio- 
drast per kg. of body weight suffered ap- 
proximately 20 times the immediate (less 
than 2 hours) mortality of nembutal anes- 
thetized mice. When supplementary injec- 
tions of nembutal were given subcutane- 
ously 2 hours after the original injection of 
diodrast and nembutal, 5 out of 5 mice sur- 
vived. Barbital and seconal also caused a 
decrease in the immediate mortality with 
diodrast in this dosage, but only barbital 
and nembutal in repeated doses caused a 
statistically significant decrease in total 
mortality. Neither ether nor procaine 
caused any change in immediate or total 
mortality. In our experiments utilizing 
massive urokon intraperitoneal dosages, a 
striking parallel between potentiation of 
narcosis and immediate survival time was 
demonstrated. 

In view of this evidence that appears to 
correlate sustained barbiturate narcosis 
with apparent protection of the central 
nervous system against otherwise toxic 
dosages of contrast media, one wonders 
what role should be assigned to the utiliza- 
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tion of low molecular weight dextran as 
noted in recent dog experiments.! The role 
of low molecular weight dextran in enhanc- 
ing the potentiation of contrast material- 
nembutal narcosis has been adequately 
documented in our rats. The applicability 
of these principles to other animals and 
other contrast media must await addi- 
tional experimentation. These concepts are 
under scrutiny in our laboratory and will be 
further elucidazed in subsequent reports. 


CONCLUSIONS 


1. The duration of nembutal anesthesia 
in rats injected with varying quantities of 
urokon exceeded that of control rats in- 
jected with normal saline. 

2. Further enhancement of this anes- 
thesia potentiation resulted from injections 
of low molecular weight dextran and uro- 
kon. Dextran itself had no effect, and in 
combination with urokon, appeared to 
function by a retardation of the rate of 
urokon excretion. 

3. Hypaque, substituted for urokon, did 
not prolong nembutal narcosis. Cholografin 
prolonged narcosis considerably beyond 
that noted with urokon. 

4. When ether was substituted for nem- 
butal, no anesthetic potentiation resulted 
from urokon injections. When rabbits were 
substituted for rats, no potentiation could 
be produced. 

5. All of the above findings may be ex- 
plicable on a postulated system of competi- 
tive binding to plasma and tissue albumin 
sites, and would be entirely compatible with 
relative binding dynamics noted in a previ- 
ous communicétion." A similar mechanism 
may be operative 1n some other reported 
instances of barbiturate potentiation by a 
host of substances. 

6. Nembutal anesthesia appears to con- - 
fer some degree of protection on rats in the 
period immediately after injection of a 
lethal dose of urokon. This period of protec- 
tion appears to be extended by measures 
that have been shown to extend the dura- 
tion of nembutal narcosis. 

7. In view of these findings and of perti- 
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nent previous observations by others cited 
in the bodv of this report, extra caution 1s 
urged in the interpretation of central 
nervous system data obtained by experi- 
mental procedures on small animals under 
barbiturate anesthesia. 


Elliott C. Lasser, M.D. 
Department of Radiology 
Presbyterian University Hospital 
Pittsburgh 13, Pennsylvania 


The authors wish to express their apprecia- 
tion to Mr. Wade Gardner who assisted in the 
experiments and to the Mallinckrodt Labora- 
tories for their generous supply of contrast 
media. 
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THE ROLE OF THE RADIOLOGIST IN CARDIAC 
DIAGNOSIS IN THE COMMUNITY HOSPITAL 


E ss is a continuing need in com- 
munity hospitals for the establishment 
of cardiovascular diagnostic units empha- 
sizing angiocardiography. The type of unit 
must necessarily depend upon the size of 
the community and the availability of 
trained professional personnel. There are 
two components of the cardiovascular sys- 
tem to be considered, the visceral-pe- 
ripheral vascular and the cardiac. Although 
related, the problems involved in providing 
a service in each sphere differ. 

The extracardiac vascular segment can 
and should be performed in every hospital 
almost regardless of size. The need for this 
service has been well demonstrated. The 
cost of the necessary equipment is moder- 
ate. 

In contrast, the establishment of a com- 
plete cardiac diagnostic unit is costly and 
it is, therefore, probably, wise for the pro- 
fessional and lay leaders of the community 
to select one particular hospital to serve the 
diagnostic needs of the entire community 
until the volume of work warrants the 
establishment of an additional unit. Fre- 
quently, due to noncoordinated planning, 
there exists some type of cardiac diagnostic 
unit in several hospitals within one com- 
munity of moderate size. This is regret- 
table: the volume of case material is 
diluted and the opportunity to develop a 
complete and expert service is not realized. 

Ideally, the efforts of a cardiologist, 
cardiac physiologist and radiologist should 
be combined to achieve the best results, 
with the radiologist assuming the entire 
responsibility for the performance and 
interpretation. of the angiocardiographic 
portion of the procedure. The degree of 


active participation by the radiologist 
varles in different institutions; not infre- 
quently, it 1s too minor a role. A combinz- 
tion of factors has produced this situation: 
a lack of experience in a relatively new 
field of endeavor, a hesitancy among some 
radiologists to accept the responsibility of 
potential complications inherent in tech- 
nical procedures and economic factors with 
established radiologists finding no need to 
gain proficiency in a new field. Obviously, 
the various radiologic training centers 
throughout the country are partially re- 
sponsible for the inertia. Several centers are 
now offering fellowships in Cardiovascular 
Radiology following completion of resi- 
dency training in Radiology. An adequate 
knowledge and proficiency in this type of 
work can be acquired during a 6 to 12 
month training period. The importance of 
this aspect of radiologic training is empha- 
sized by The American Board of Radiologv 
which now requires a basic knowledge of 
this field by the candidate. 

The ideal situation, a complete unit and 
staff, is not always possible in the urban 
community since not only are there too 
few cardiovascularly oriented radiologists, 
but, also too few cardiac physiologists. 
While it is true that there are patients with 
conditions requiring the efforts of all the 
members of the cardiac diagnostic unit, i+ 
is also true that there are other patients 
who require only the services of a trained 
radiologist. I refer, in particular, to the use 
of forward angiocardiography which, F 
believe, 1s the best initial procedure in diag- 
nosing cyanotic heart disease in infants. 
There are two considerations which dictate 
this diagnostic approach. First, the major- 
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ity of infants with cyanotic heart disease 
usually show a combination of defects 
with complex patterns of intracardiac flow 
which makes catheterization data difficult 
to interpret. Second, it is usually not 
necessary to define in detail the anatomic 
and physiologic abnormalities but merely 
to display the major aspects of the malfor- 
mation and thus separate the potentially 
correctable from the noncorrectable case. 
The information obtained from forward 
angiocardiography will often solve the 
diagnostic problem and preclude an ex- 
pensive and anxious trip for patient and 
relatives to some distant medical center. 
For some young families with limited in- 
come, the expense involved in making such 
a trip can be financially exhausting. 

If any radiologist with cardiovascular 
experience is interested in developing a 
cardiac diagnostic unit in his community, 
this is one area in which he might begin. A 
satisfying service 1s achieved, the exami- 
nation is relatively easy to perform, the 
risk is minimal and in many cases nothing 
further need be done diagnostically. 

The previous considerations constitute 
the major aspect of the problem. What 
about the situation where the patient has 
a lesion deemed potentially correctable? 
The next step depends on the availability 
of a trained cardiac surgeon in the com- 
munity. If the surgeon is available, then 
the radiologist should be ready to assume 
the responsibility of the additional pro- 
cedures which are warranted unless all 
features of the malformation are obvious on 
the forward angiocardiogram. Too often 
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infants have been operated on with incom- 
plete anatomic definition of the anomaly. 
Here again, the most revealing diagnostic 
studies are those utilizing contrast material 
-selective angiocardiography and/or selec- 
tive aortography; the chamber or vessel 
selectively visualized is often dependent 
on the findings of the preceding forward 
angiocardiogram. While it is true that the 
potential complications in selective pro- 
cedures are greater than in forward angio- 
cardiography, a carefully performed study 
carries a minimal risk. Certain equipment 
and drugs should be nearby in case of an 
emergency and a close working relationship 
with the anesthesia department is alwavs 
desirable. 

In conclusion, the pattern of responsibil- 
ity for special procedures in cardiac diag- 
nosis 1s fairly well established in Universitv 
centers. What happens now and in the 
future in urban communities will depend, 
in large part, on those radiologists who 
recognize the cardiovascular needs of the 
communitv and are willing to accept the 
responsibility of establishing the service 
and performing the procedures. For years, 
the need for the radiologist to assume : 
physician’s mantle has been emphasized in 
the radiologic literature. Words will not 
significantly change the situation, but 
concentrated effort and a willingness by the 
radiologist to accept responsibility for 
special procedures will. 


Lewis S. Carey, M.D. 


Director, Cardiovascular Diagnostic Unit 
St. Joseph’s Hospital 
St. Paul, Minnesota 
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NEW OFFICERS OF THE AMERICAN 
CLUB OF THERAPEUTIC RADIOLOGISTS 
At the last meeting of the American 
Club of Therapeutic Radiologists, held in 
Chicago on November 18, the following 
new officers were elected: President: Dr. 
Franz J. Buschke, San Francisco, Cal- 
ifornia; and Vice-President: Dr. Milford D. 
Schulz, Boston, Massachusetts. Dr. 
Howard B. Latourette, Treasurer, and Dr. 
J. A. del Regato, Secretary, were reelected. 
The office of the Secretary is at the 
Penrose Cancer Hospital, Colorado Springs, 
Colorado. . 


SPRING CONFERENCE OF THE NEW YORK 
ROENTGEN SOCIETY 


Announcement is made of the Spring 
Conference of the New York Roentgen 
Society which will be held at the Waldorf- 
Astoria in New York City, April 23, 24 and 
25, 1964. À special scientific program has 
been arranged. The meeting will coincide 
with the opening of the New York World's 
Fair. 

For further information please contact 
Francis F. Ruzicka, Jr., M.D., Secretary, 
St. Vincent's Hospital, New York 11, New 
York. 


POSTGRADUATE COURSE IN RADIOLOGY 
AND RADIOACTIVE ISOTOPES 

The annual three day postgraduate 
course in Radiology and Radioactive Iso- 
topes will be presented February 17, 18 
and 19, 1964, at the University of Kansas 
Medical Center. 

An outstanding guest faculty, selected 
for their teaching as well as clinical abil- 
ities, has been assembled for this program. 
Recent advances in some of the newer 
developments of radiology will be discussed 
along with a review of some of the basic 
problems confronting the radiologist and 
the internist. | 

For further information please write to 
William D. Nelligan, Executive Director, 


Department of Postgraduate Medical Edu- 

cation, University of Kansas Medical 
Center, Rainbow Boulevard at 39th Street, : 
Kansas City 3, Kansas. 


SYMPOSIUM ON CELLULAR 
RADIATION BIOLOGY 

The University of Texas M. D. Anderson 
Hospital and Tumor Institute will present 
the Eighteenth Annual Symposium on 
Fundamental Cancer Research, “Cellular 
Radiation Biology," on March 2, 3 and 4, 
1964, in the Emerald Room of the Sham- 
rock Hilton Hotel, Houston, Texas. 

Registration: Sunday, March 1, 2:00- 
9:00 P.M., at the Hotel Convention Desk in 
the lobby of the Shamrock Hilton Hotel, 
and Monday, March 2, 8:15-8:45 a.M., in 
the Grecian Room of the Shamrock Hilton 
Hotel; thereafter, at the Hotel Convention 
Desk. Preregistration would be appreci- 
ated. It 1s recommended that hotel reserva- 
tions be made well in advance of the 
svmposium. 

The Registration Fee is $5.00; please 
make check payable to M. D. Anderson 
Hospital. The registration fee will be 
waived for students, including residents 
and fellows who preregister prior to March 
2, 1964. 


COURSE IN CLINICAL USE OF 
RADIOACTIVE ISOTOPES 

A course in the Clinical Use of Radio- 
active Isotopes will be given under the 
supervision of Dr. Sergei Feitelberg and 
Dr. Edith Quimby of the Department of 
Radiology, Columbia University, New 
York City, from June 1 through June 26, 
1964. 

This is a full-time course which includes 
lectures, experimental laboratory exer- 
cises, clinical rounds and clinical measure- 
ments on patients and on specimens. In 
addition to Drs. Feitelberg and Quimby, 
the teaching staff will include a number of 
invited lecturers from the New York area, 
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each presenting material in his own special 
field. 

Enrollment in the class is limited to 20; 
the fee is $300. 

Inquiries should be addressed to Dr. 
Sergei Feitelberg, Mt. Sinai Hospital, 
Fifth Avenue at 1ooth Street, New York, 
New York. 





THIRTY-SINTH ANNUAL CONVENTION 
OF THE AMERICAN SOCIETY OF 
X-RAY TECHNICIANS 

The American Society of X-Ray Tech- 
nicians will hold its Thirty -sixth Annual 
Convention at Pu ME Hotel in 


ics 

For further information please contact 
Sister 0 p T. , Chairm an, Publicity 
i s Hospital, 69 West 
Poet S P ms 2, Minnesota. 


EIGHTH INTERAMERICAN CONGRESS 
OF RADIOLOGY 


"EL Mss ccc 


๒ 0 Congres of RS. has 
the honor of inviting all the Radiologists, 
Phvsicists, and Scientists working in the 
field of Radiologv to attend the Congress 
which will be held in Caracas, Venezuela, 
October 2 P 9, 

ส น 2» N 0 Medici ine are 
working on the preparation of their respec- 
tive programs, and have chosen the follow- 
ing topics for the preliminary agenda: (1) 
the teaching of radiology in America; (2) 
progress in pediatric radiology: (3) radio- 
logic exploration of the cranial posterior 
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fossae; (4) lymphadenography ; (5) progress 
in radiobiology; (6) radiotherapy and 
chemotherapy; (7) treatment of the central 
nervous system tumor; (8) radiation pro- 
tection and others. Refresher courses will 
be given in: radiation physics; radiology of 
the small intestine; selective angiography 
and angiocardiography; functional studies 
of the kidney, and others. 

The Commissions of Social Affairs and 
The Ladies Committee of the Congress are 
preparing an interesting program 1 ท col. 
laboration with the Macuto Sheraton 
Hotel, the Social Centers of the City and 
Mountain Clubs to provide the participants 
of the congress and especially their families 
with a very pleasant vacation, alternating 
between sea resort sojourns, sight-seeing 
city tours and mountain excursions. The 
climate at this time of the vear is excellent 
for full enjoyment of such a program. 

The Congress will be held at the new 
luxurious Macuto Sheraton Hotel, which 
has the most modern conveniences, includ- 
ing air-conditioned rooms and suites, all 
with balconies and private bathrooms, 2 
swimming pools, a beautiful white sand 
beach and all kinds of facilities for sailing, 
motor boating, water skiing, etc. Prices tor 
single rooms are $9.00 to $11.00 per day 
and for double rooms $12.00 to $16.00 per 


day (European plan). In front of the 
Macuto Sheraton Hotel there is the 


Caraballeda Club with a beautiful Golf 
Course. 

Those interested in more information 
please write to Dr. Ruben Merenfeld, 
Secretary-General, Apartado 9362 Candel- 
aria, Caracas, Venezuela. 
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BOOK REVIEW 


Books sent for review are acknowledged under: Books Received. This must be regarded as a sufficient return for the 
courtesy of the sender. Selections will be made for review in the interest of our readers as space permits, 


Tug Spine; A RADIOLOGICAL TEXT & Arras. 
By Bernard S. Epstein, M.D., Chief, Depart- 
ment of Radiology, The Long Island Jewish 
Hospital, New Hyde Park, New York and 
Clinical Professor of Radiology, The Albert 
Finstein College of Medicine, New York. 
Cloth. Price $16.50. Lea & Febiger, Philadel- 
phia, 1952. Second Edition. Pp. 616, with 
393 illustrations. 


An acquaintance with the First Edition of 
this textbook on the vertebral column enabled 
one to recognize Dr. Epstein as one of the 
world's leading authorities on the roentgen 
examination of the spine. The present Second 
Edition contains numerous illustrations and 
revisions in line with newer developments. 

Chapter 1 evaluates and describes the normal 
spine. The author has revised or added to the 
sections on embryology, the spinal ligaments, 
intraspinal dimensions, diskography and major 
revisions were made in the section on myelog- 
raphy. 

Various revisions in Chapter 2 include sec- 
tions on anomalies of the occiput, the atlas and 
axis. The Arnold-Chiari malformation and 
platybasia are other conditions described. 

Chapter 3 deals with diseases of congenital, 
endocrine and metabolic origin. Additions to 
dystrophy, gargoylism, dysplasia epiphysialis 
multiplex, metaphyseal dysplasia, hypophos- 


phatasia and idiopathic hypercalcemia in 
infancy. 
Chapter 5 contains descriptions of vertebral 


column neoplasms and supplemental material 
on reticulum cell sarcoma, spinal lymphomas, 
benign chondroblastoma, massive osteolysis 
and benign osteoblastoma. 

Major revision and extensive additions to the 
subject of spinal traumatic changes are seen in 
Chapter 6 and in Chapter 7; the section on 
herniated intervertebral disks likewise is ex- 
panded. 

The author has condensed a vast amount of 
material into an excellent working textbook 
which should be a part of the radiologist’s 


EM 


are aware. To radiologic residents, orthopedic 
surgeons and allied specialists interested in the 


mended. 

Rogert L. Wiruis, Jr., M.D. 
BOOKS RECEIVED 

CARCINOMA OF THE VULVA: AN ANALYSIS OF 560 
PATIENTS WITH HISTOLOGICALLY VERIFIED SQUA- 
mous (อ ย ม Carcinoma. Supplement 217. By 
Folke Edsmyr from Radiumhemmet Karolinska 
Sjukhuset, Stockholm 60, Sweden. Paper. Pp. 135, 
with g illustrations and $2 tables. Price, Sw. Kr. 30. 
Acta radiologica, P. O. Box 2052, Stockholm 2, 
Sweden, 1962. 

WASSERLOSLICHE, VISKOSIERTE | MASSERLÓSLICHE 
UND JODOLIGE KONTRASTMITTEL IN DER Hystero- 
SALPINGOGRAPHIE: VERGLEICHENDE UNTERSUCH- 
UNGEN, Supplement 218. By P. Soila, M. Grönroos, 
O. Kauppila and L. Pyykénen, aus der Obstet- 
rischen und Gynakologischen Klinik und der 
Roéntgenklinik des Universitats-Zentralkranken- 
hauses Turku, Finnland. Paper. Pp. 75, with 24 
illustrations and 7 tables. Price, Sw.Kr. 25. Acta 
radiologica, P. O, Box 2052, Stockholm 2, Sweden, 
1962, 

HIATAL Incomprerence: STUDIES ON MECHANICS 
AND Principles or Examination ror Hiatus 
HERNIA AND  GasrROo-oEsOPHAGEAL REFLUX. 
Supplement 219. By Stig Sandmark from the 

Department, University Hospital, 
Lund, Sweden. Paper. Pp. 46, with 19 illustrations. 
Price, Sw.Kr. 25. Acta radiologica, P. O, Box 
2052, Stockholm 2, Sweden, 1963. 

Free Movements IN THE TEMPOROMANDIBULAR 
JOINT: A CiNERADIOGRAPHIC Srupy, Supplement 
220. By Max Lundberg from the Department of 
Roentgenology and the Department of Prosthet- 
ics, The Royal School of Dentistry, Stockholm, 
Sweden. Paper. Pp. 77, with 32 illustrations and 25 
tables. Price, Sw. Kr. 3o. Acta radiologica, P. O, 
Box 2052, Stockholm 2, Sweden, 1963. 

SELECTIVE ANGIOGRAPHY Or THE Hepatic VEINS: 
EXPERIMENTAL INVESTIGATIONS or Basar Circu- 
LATORY Dynamics, Supplement 221, By Ake 
Norhagen from the Department of Roentgenology 
and the Department of Thoracic Medicine, 
Thoraxklinikerna, Karolinska Sjukhuset, Stock- 
holm, Sweden. Paper. Pp. 121, with 64 illustra- 
tions. Price, Sw.Kr. 35. Acta radiologica, P. O. 
Box 2052, Stockholm 2, Sweden, 1965. 
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GENETICALLY SIGNIFICANT RADIATION Doses 


Diagnostic RapioLtocy. Supplement 222. By 
Erling Hammer-Jacobsen from the Radiological 
Department, Rigshospitalet and the Radium 
Centre of Copenhagen, Denmark. Paper. Pp. 277, 
with 15 illustrations. Price, Sw.Kr. 35. Acta 
radiologica, P. O. Box 2052, Stockholm 2, Sweden, 
1963. 


ALKOXYGLYCEROLS AND THEIR Use IN RADIATION 


TREATMENT: An EXPERIMENTAL AND CLINICAL 
Stupy. Supplement By Astrid Brohult from 
Radiumhemmet, Karolinska Sjukhuset, Stock- 
holm, 60, Sweden. Paper. Pp. 99, with 15 illustra. 
tions. Price, Sw.Kr. 30. Acta radiologica, P. O. 
Box 2052, Stockholm 2, Sweden, 1963. 
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Premiers ELÉMENTS DE MicRoRADIOGRAPHIE CLI- 


NIQUE (Crane et Os Loxos). By M. Juster, Maitre 
de Recherches au C. N. R S: H. Fischgold, 
Professeur à la Faculté de Médecine de Paris: 
and M. Laval-Jeantet, Attaché de Recherches au 
C. N. R. S. Paper. Pp. 186, with 128 illustrations. 
Price, 60 F. Masson & C**, Editeurs, 120 Boulevard 
Saint-Germain, Paris, 1963. 

QUANTITATIVE CHEMICAL Tecuniques OF Hisro- 
AND Cyrocuemistry. By David Glick, Ph.D., 
Head, Division of Histochemistry; Professor, 
Department of Pathology, Stanford University 
Medical School, Palo Alto, California. Volume 
If. Cloth. Pp. 514, with some illustrations. Price, 
$15.75. John Wiley & Sons, Inc., Publishers, 605 
Third Avenue, New York 16, N. Y., 1963. 

Tug EMG: A GUIDE AND Arias rog PRACTICAL 
EvecrromyocrapHy. By Forbes H. Norris, fr., 
M.D., Associate Professor of Neurology and Act- 
ing Chairman of the Neurology Division, Depart. 









Books Received 


467 


ment of Medicine, University of Rochester, and 
Senior Associate Physician, Strong Memorial 
Hospital, Rochester, New York. Cloth. Pp. 135 
with 42 illustrations. Price, $4.75. Grune & Strat- 
ton, Ine., 381 Park Avenue South, New York 16, 
NY. 1965. 

ATLAS or VASCULAR RINGS AND RELATED MAL- 
FORMATIONS OF THE AORTIC ARCH SvsrEM, By 
James R. Stewart, M.D., M.S. in Radiology, 
Consultant, Section of Roentgenology, Mayo 
Clinic, Rochester, Minnesota; Owings W. Kincaid, 
M.D., M.S. in Radiology, Consultant, Section of 
Roentgenology, Mayo Clinic, Assistant Professor 
of Radiology, Mayo Foundation Graduate School, 
University of Minnesota, Rochester, Minnesota; 
and Jesse E. Edwards, M.D., Presently, Director 
of Laboratories, Charles T. Miller Hospital, St. 
Paul, Minnesota, Clinical Professor of Pathology, 
School of Medicine, University of Minnesota, 
Minneapolis, Minnesota. Cloth. Pp. 172, with 
many illustrations. Price, $10.75. Charles C 
Thomas, Publisher, 301-327 East Lawrence 
Avenue, Springfield, HL, 1963. 


Tug Cugsr Firm iN Massive Putmonary EMBO- 


บ ร จม, By Daniel J. Torrance, Jr, M.D., Member, 
Scripps Clinic and Research Foundation, Chief, 
Division of Diagnostic Roentgenology, La Jolla, 
California; Formerly, Associate Professor, The 
Johns Hopkins University School of Medicine 
and Chief, Division of Diagnostic Roentgenology, 
The Johns Hopkins Hospital and Medical School, 
Baltimore, Maryland. Cloth. Pp. 74, with 31 
illustrations. Price, Charles C Thomas, 
Publisher, 301-327 Lawrence Avenue, 


Springfield, HL, 1963. 
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MEETINGS OF RADIOLOGICAL SOCIETIES* 


UNITED SrATES OF AMERICA 


Amenican RogNTGEN Ray SOCIETY 
Secretary, Dr. C. Allen Good, Mayo Clinic, Rochester, 
Minn. Annual meeting: Radisson Hotel, Minneapolis, 
Minn., Sept. 29-Oct. 2, 1964. 

American RADIUM SOCIETY 
Secretary, Dr. Justin J. Stein, U.C.L.A. Medical Center, 
Los es 2 alif. Annual meeting: Greenbrier 
Hotel, White Sulphur Springs, W. Va., April 13~16, 1964. 

RADIOLOGICAL SOCIETY or NORTH AMERICA 
Secretary-Treasurer, Dr. Maurice Doyle Frazer, 1744 
South Fifty-eighth St, Lincoln, Neb. Annual meeting: 
Palmer House, Chicago, Hl., Nov. 29-Dec. 4, 1964. 

AMERICAN COLLEGE or RADIOLOGY 
Executioe Director, William C. Stronach, 20 N. Wacker 
Drive, Chicago 6, Ill. Annual meeting: Ramada Inn, 
Tucson, Ariz., Feb. 5-8, 1964. 

SECTION ON RADIOLOGY, American MEDICAL ASSOCIATION 
Secretary, Dr. Clyde A. Stevenson, Sacred Heart Hospi- 
tal, West 101 Eighth Ave., Spokane 4, Wash. Annual 
meeting: San Francisco, Calif., June 21-25, 1964. 

American Board or Rapio.ocy 
Secretary, Dr. H. Dabney Kerr. Co ndence should 
be directed to Kahler Hotel Building, Rochester, Minn. 
The Spring 1964 examination will be held at the Americana 
Hotel, New York City, June 8-12, inclusive. Deadline 
for filing SAM SR was December 31, 1963. There will 
be a Special Examination in Nuclear Medicine for di 
lomates in Radiology or Therapeutic Radiology if suffi. 
cient applications are received. The Fall p examina- 
tion will be held at the Americana Hotel, il Harbour, 
Florida, December 7-11, inclusive. Deadline for filing 
applications is June 30, 1964. 

AMERICAN AssociaTION Or PHYSICISTS IN MEDICINE 
Secretary Treasurer, Charles S. Simons, University of 
Michigan Hospital, Ann Arbor, Mich. Annual meeting 
to be announced. 

AMERICAN CLUB or THERAPEUTIC RADIOLOGISTS 
Secretary, Dr. J. A. del Regato, Penrose Cancer Hospital, 
Colorado Springs, Colo. 

ELEVENTH INTERNATIONAL CONGRESS or RADIOLOGY 
Secretary-General, Professor Dr. Med. Arduino Ratti, via 
Moscova, 44-1, Milan, Italy. Address inquiries to Profes- 
sok Dec Med. Lot Tarno, President bien: Dan di 
Radiologia, Universita di Roma, Rome, Italy. Meeting: 
September 22—28, 1965. 

EIGHTH Inter-American CONGRESS oF RADIOLOGY 
Counselor for the United States, Dr. Philip J. Hodes, 
Jefferson Medical College Hospital, 11th and Walnut 
Streets, Philadelphia 7, Pennsylvania. 

Secretary, Dr. Mario Gaitan-Y anguas, Bogotá, Colombia. 
Meeting to be announced. 

AÁLABAMA RADIOLOGICAL SOCIETY 
Secretary, Dr. Walter Brower, Birmingham, Ala. Meets 
time and place of Alabama State Medical Association. 

AMERICAN NUCLEAR SOCIETY 
Treasurer, Raymond Maxson, 86 E. Randolph St, 
Chicago Ill. Annual meeting to be announced. 

ARIZONA RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. E. Lawrence Ganter, 1820 E. 
Polk St., Phoenix 34, Ariz. Two regular meetings a year. 
Annual meeting at time and place of State Medical Asso- 
ciation and interim meeting six months later, 

ARKANSAS RADIOLOGICAL SOCIETY 
Secretary, Dr. Charles W. Anderson, 11084 Poplar, Pine 


Bluff, Ark. Meets every three months and also at time 
and place of State Medical Association. 

Association or Untversrry RADIOLOGISTS 
Seeretary-Treasurer, Dr. Sidney W. Nelson. Annual 
Meeting: University of Chicago School of Medicine, 
Chicago, Illinois, May 14-16, 1964. 

ATLANTA RADIOLOGICAL SOCIETY 
Secretary, Dr. Donald R. Rooney, Burnt Hickory Road, 
Marietta, Ga, Meets monthly p during three sum- 
mer months, on third Tuesday, at the Academy of Medi- 
cine, Atlanta, Ga, at 8:00 P.M. 

BAVARIAN-AMERICAN RADIOLOGIC Society 
Secretary, Dr. Robert W. Edland, Major MC USA, 
United States Army Hospital Augsburg, 21st Evacuation 
Hospital, Chief of Radiol Service, APO 178, New 
York, N. Y. Meets quarterly. 

BLOCKLEY RADIOLOGICAL SOCIETY 
Secretary, Dr. Bernard J. Ostrum, 2412 North s2nd St., 
Philadelphia, Pa. 

BROOKLYN RADIOLOGICAL SOCIETY 
Secretary, Dr. Peter J. Lampros, 121 Dekalb Ave., 
Brooklyn, N. Y. Meets first Thursday of each month 
October through May. 

BUFFALO RADIOLOGICAL SOCIETY 


Secretary, Dr. Ecgene V. Leslie, Edward J. Beyer Me. 
morial Hosp., Buffalo 15, N. Y. Meets second Monday 
evening each month, October to May inclusive. 


PASCERE ก ซา ด DUE : 

ecretary, Jr. L. tienry Garland, Suite 1739, 450 Sutter 

St., San Francisco, Cal. Meets annually during meeting 
of California Medical Association, 

CENTRAL New YoRk RADIOLOOQICAL SOCIETY 
Secretary, Dr. Edward W. Carsky, Crouse-Irving Hospi- 
tal, 820 S. Crouse Ave., Syra N. Y. Meets first 
Monday each month October through May. 

CENTRAL 0810 RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Harold W. Long, 81 S. Fifth St., 
Columbus 15, Ohio. Meets third Thursday in October, 
and second Thursday in November, January, March 
and May at Fort Hayes Hotel, Columbus, Ohio. 

CENTRAL Society or NUCLEAR MEDICINE 
Secretary, Dr. Robert S. Landauer, Radiation Center 
Bidg., 1903 West Harrison St., Chicago 12, Ill. 

CHICAGO ROENTGEN SOCIETY 
Secretary, Dr. Abram H. Cannon, 250 E. Superior St., 
Chicago 11, Ill. Meets second Thursday of each month, 
October to April except December at clie Pick-Congress 
Hotel at 8:00 p.m. 

CLEVELAND RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. James Christie, 10215 Carnegie 
Avenue, Cleveland, Ohio. Meetings at 7:00 p.m. on fourth 
Monday of October, November, January, February, 
March and April. 

COLORADO 6 ๐40. ื — 
Secretary, Dr. David J. Stephenson, 8300 West 3 ve., 
Wheat Ridge, Colo. n third Friday of each month 
at Denver Athletic Club from September through May. 

CONNECTICUT VALLEY RADIOLOGIC SOCIETY 
Secretary, Dr. James L. Krieger, 85 Jefferson St., Hart- 
ford 6, Conn. Meets first Friday in February and April. 

Datias-Fort Worta RADIOLOGICAL SOCIETY 
Secretary, Dr. Robert D. Moreton, 816 Medical Arts 
Bldg., Fort Worth, Tex. Meets monthly, third Mon- 
day, at Greater Fort Worth International Airport at 6:30 
PM. 


* Secretaries of societies are requested to send timely information promptly to the Editor. 
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DETROIT ROENTQEN Ray AND RADIUM SOCIETY 

Secretary, Dr. Arch H. Hall, Harper Hospital, Detroit 1, 

ich. Meets monthly, first Thursday, October through 
May, at David Whitney House, toro Antietam, at 6:30 
P.M. 

East Bay ROENTGEN Socizry 
Secret. Dr. Dan Tucker, 434 goth St, Oakland 9, 
Calif. Meets first Thursday aa, month at Peralta 
Hospital, Oakland, Calif. 

st TENNESSEE RADIOLOGICAL SOCIETY 

Secret Dr. J. Marsh Frere, Jr., 205 Medical Arts 
Bldg. Knoxville, Tenn. Meets in January and Sep- 
tember. 

EASTERN CONFERENCE OF RADIOLOGISTS 
Secretary, Arrangements Committee, Dr. Theodore A 
Tristan, 3400 Spruce St, Philadelphia 4, Pa. Annual 
meeting to be announced. 

Eastern RADIOLOGICAL SOCIETY 
Secretary, Dr. James F. Martin, North Carolina Baptist 
Hospital, Winston-Salem, N. C. 

FLORIDA RADIOLOGICAL SOCIETY 
Secretary, Dr. David Kirsh, 712 Du Pont Bldg., Miami 
Fla. Meets twice annually, in the spring with the annu 
State Society Meeting and in the fall. 

FLORIDA West Coasr RADIOLOGICAL SocigTY 
Secretary-Treasurer, Dr. Garth R., Drewry, Tampa 
General Hospital, Tampa 6, Fla. Meets in January, 
April, July and October. 

GEORGIA RADIOLOGICAL SOCIETY 
Secretary, Dr. David Robinson, P.O. Box 394, Savannah, 
Ga. Meets in spring and fall with Annual State Society 
Meeting. 

Greater Miami RADIOLOGICAL SOCIETY . 
Secretary, Dr. Robert F. Feltman, Dade County Medical 
Association Building, Two S.E. Thirteenth St, Miami 
32, Fla. Meets month! , third Wednesday at 8:00 P.M. 
at Jackson Memorial Hospital, Miami, Fla. 

GREATER Sr. Louis Society or RADIOLOGISTS 
Secretary, Dr. C. M. Witt, #16 Hampton Village Plaza, 
St. Louis 9, Mo. 

Houston RADIOLOGICAL SOCIRTY 
Secretary, Dr. D. A. Van Velzer, Texas Medical Cen- 
ter Library, H. Jones Library Bldg., Houston 25, 
Tex. Meets fourth Monday of each month, except June, 
July, August and December, at the Doctors’ Club, 
8:00 P.M., Houston, Tex. 

โถ 4 ๒ ๐ 0 STATE RADIOLOGICAL SOCIETY 
Secretary, Dr. George H. Harris, Bannock Memorial Hos- 
pital, Pocatello, Idaho. Meets in the spring and fall. 

ILLINOIS RADIOLOGICAL SOCIETY 
Secretary, Dr. George A. Miller, Carle Hospital Clinic, 
Urbana, lil. Meets in the spring and fall. 

INDIANA Roentoen SOCIETY, Inc. 

Secretary, Dr. Richard A. Silver, 1815 N. Capitol Avenue, 
Indianapolis, Ind. Meets first Sunday in May and during 
fall meeting of Indiana State Medical Association. 

Iowa RADIOLOGICAL SOCIETY 
Secretary, Dr. ไม โม Maher, 1419 Woodland Ave., Des 
Moines, Iowa. Luncheon and business meeting during 
annual session of Jowa State Medical Society. The scien- 
tific section is held in the autumn. 

Kansas RADIOLOGICAL SOCIETY 
Secretary, Dr. Roger K. Wallace, Riley County Hospital 
Manhattan, Kan. Meets in spring with State Medical 
Society and in winter on call. 

KENTUCKY RADIOLOGICAL SOCIETY 
Secretary, Dr. Lawrence A. Davis, 226 East Chestnut 
St., Louisville, Ky. Meets monthly on second Friday at 
Sheraton Hotel, Louisville. 

Krxos County RapioLoatcAL SocrETY 
Secretary, Dr. Stanley Dannenberg, 1917 Bedford Ave., 
Brooklyn 25; N. Y. Meets Kings Contr Med. Soc. 
Bldg. monthly on fourth Thursday, October to May, 

ะ 45 P.M. 
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KNOXVILLE RADIOLOGICAL SOCIETY 


Secretary, Dr. Clifford L. Walton, Blount Professional 
Bldg. oxville 20, Tenn. Meetings are held the third 
Monday of every other month at the University of 


Tennessee Memorial Research Center and Hospital. 

Los ANGELES RADIOLOGICAL SOCIETY 
Dr. ' E O'Loughlin, Dept. of Radiol- 
ogy, U LA Center for Health Sciences, Los Ángeles 24, 
Calif. Meets second Wednesday of month in September, 
November, January, April and June at Los Angeles 
0 Association Building, Les Angeles. 

MAINE IOLOGICAL SOCIETY 
Secretary, Dr. Charles W. Capron, Maine Medical 
Center, Portland, Me. Meets in June, September, De- 
cember and April. 

MARYLAND RADIOLOGICAL SOCIETY 
Secretary, Dr. Henry Startzman, Medical Arts Building, 
Baltimore, Maryland. 

Mempuis RoENTGEN SOCIETY 
Gecretary-Treasurer, Dr. Irving K, Ettman, 684 W. 
Brookhaven Circle, Memphis, Tenn. Meets first Monday 
of each month at John Gaston Hospital. 

Miami VALLEY RADIOLOGICAL SOCIETY 
Secretary, Dr. William D. Roberts, 2197 Los Arrow Dr., 
Dayton 9, Ohio. Meets second Friday of fall and winter 
months. 

Mrp-Hupson RADIOLOGICAL SOCIETY 
Secretary, Dr. E h Sorrentino, St. Francis Hospital, 
Poughkeepsie, N, Y. Meets 8: 5 P.M., fourth Wednesday 
of each month September to May. 

MILWAUKEE ROENTQEN Ray Society 
Secretary-Treasurer, Dr. Harold F. Ibach, 2400 W. Vil- 
lard Avenue, Milwaukee 9, Wis. Meets monthly on 
Monday, October through May, at University 

ub. 


Minnesota RADIOLOGICAL Society 
Secretary- Treasurer, Dr. Frank J. Anderson, 810 E. 27th 
St., Minneapolis 7, Minn. Meets three times annually, in 
fall, winter and spring. 

MississiPPr RADIOLOGICAL SOCIETY 
Secretary, Dr. Jack K. Goodrich, University Medical 
Center, Jackson, Miss. Meets third Thursday of each 
month at the Heidelberg Hotel, Jackson, at 6:00 P.M. 

MONTANA RADIOLOGICAL SOCIETY 
Secretary, Dr. John M. Fritts, 1224 S. Higgins Ave., 
Missoula, Montana. Meets at least once a year. 

Nassau RADIOLOGICAL SOCIETY 
Secretary, Dr. Barry L. Lewis, 165 N. Village Ave., 
Rockville Centre, New York, N. Y. Meets second Tues- 
day of the month in February, April, June, October and 
December. 

NEBRASKA STATE RADIOLOGICAL SOCIETY 
$e , Dr. Richard Bunting, The Radiologic Center, 
Nebraska Methodist Hospital, Omaha 31, Neb. 
Meets third Wednesday of each month at 6 Pax. in 
Omaha or Lincoln, 

Nevapa RADIOLOGICAL SOCIETY 
Secretary, Dr. William G. Arbonies, Department ot 
Radiology, St. Mary's Hospital, Reno, Nev. 

New ENGLAND ROENTGEN Ray Society 
Secretary, Dr. Robert E. Wise, 605 Commonwealth Ave., 
Boston 15, Mass. Meets third Friday of each month, 
October through April, at The Longwood Towers, 20 
Chapel Street, Brookline, Mass. at 4:30 P.M. 

New Hines RozwroEN Ray SOCIETY 
Secretary, Dr. Paul Y. H ian, 1470 Elm St, Man- 
chester, N. H. Meets four to six times yearly. 

New Mexico Association OF RADIOLOGISTS, 
Secretary-Treasurer, Dr. Justin J. Wolfson, Department 
of Radiology, Bernalillo County-Indian Hospital, 
Albuquerque, New Mexico. 

New Yozx RoENTGEN Society 
Secretary, Dr. Francis F. Ruzicka, Jr., St. Vincent's Hos- 
pital, New York, 11, N. Y. Meets monthly on third Mon- 
day at the New York Academy of Medicine at 4:30 P.M. 


470 Soclety Proceedings 


Spring Conference: Waldorf- Astoria Hotel, New York, 
N. Y., April 23-25, 1964. 

NORTH CAROLINA KADIOLOGICAL SOCIETY 
Secretary, Dr. Simmons J. Patrick, Lenoir Memortal Hos- 
pital, Kinston, N. C, Meets in the spring and fall each 
year. 

NonTH Dakora RADIOLOGICAL Socrery 
Secretary, Dr. John Jestadt, Depuy-Sorkness Clinic, 
Jamestown, N. D. Meets at time of State Medical Asso- 
ciation meeting. Other meetings arranged on call of the 
President. 

NORTH FLORIDA RADIOLOGICAL SOCIETY 
Secretary, Dr. Charles H. Newell, 800 Miami Road, 
Jacksonville 7, Fla. Meets quarterly in March, June, 
September and December. 

NoRTHEASTERN New York RADIOLOGICAL Society 
Secretary, Dr. Anthony J. Tabacco, 621 Central Ave., 
Albany 6, N. Y. Meets in Albany area on second Wednes- 
day of October, November, March and April. 

NORTHERN CALIFORNIA RADIOLOGICAL Sociery 
Secretary, Dr. Rob H. Kirkpatrick, 1219 28th St., Sacra- 
mento, Calif. Meets at dinner last Monday of each 
month, September to June. 

NonTHWESTERN Ouro RADIOLOGICAL SOCIETY 
Secretary, Dr. Anthony F. Lalli, 421 Michigan St., 
Toledo, Ohio. 

Outo STATE RADIOLOGICAL Society 
Secretary, Dr. M. M. Thompson, Jr., 316 Michigan St., 
Toledo 2, Ohio. Annual meeting: Cleveland, Ohio, May 
2324, 1964. 

OKLAHOMA SrATE RADIOLOGICAL SOCIETY 
Secretary, Dr. Simon Pollack, Utica Square Medical 
Center, Tulsa, Okla. Meets in January, May and October. 

Orance Country RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. E. Nicholas Sargent, Orange 
County General Hospital, Orange, Calif. Meets fourth 
Tuesday of month except June, July, August and De- 
cember in Orange County Medical Association Build- 
ing. 

OREGON RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. James A. Schneider, St. Vincent 
Hospital, Portland 10, Ore. Meets on second Wednesday 
of month at 7:00 p.m. at the University Club, Portland, 
Ore. 

OnLEANS Parisa RADIOLOGICAL Sociery 
Secretary, Dr. Joseph V. Schlosser, Charity Hospital, 
New Orleans 13, La. Meets second Tuesday of each month. 

Paciric NORTHWEST RADIOLOGICAL Socrery 
Secretary, Dr. Charles E. Donley, £43 East 4th Street, 
Bend, Ore. Annual meeting on the second weekend in 
May, 1964. 

PENNSYLVANIA RADIOLOGICAL Society 
Secretary-Treasurer, Dr. Frederick R. Gilmore, Clearfield 
Hospital, Clearfield, Pa. Annual meeting: Buckhill Falls, 
May 21-23, 1964. 

PHILADELPHIA ROENTGEN Ray Society 
Secretary, Dr, Antolin Raventos, Hospital of the Uni- 
versity of Pennsylvania, Philadelphia 4, Pa. Meets first 
Thursday of each month at ร P.M., from October to May 
in Thompson Hall, College of Physicians. 

PITTSBURGH RoENTGEN SOCIETY 
secretary, Dr. Marvin Brodie, 3459 Fifth Ave., Pitts- 
burgh 13, Pa. Meets second Wednesday of month, Octo. 
ber through Tune at Park Schenely Restaurant. 

RADIOLOGICAL Socigry or CONNECTICUT 
Secretary- Treasurer, Dr. Orlando F. Gabriele, 14:0 
Chapel St., New Haven 11, Conn. Meetings are held 
bimonthly. 

RADIOLOGICAL SOCIETY or GREATER CINCINNATI 
Secretary, Dr. John F. Popken, Jr., 831 Carew Tower, 
Cincinnati, Ohio. Meets first Monday of each month at 
Cincinnati Academy of Medicine. 

RADIOLOGICAL Society or Hawan 
Secretary, Dr. Edgar S. Childs, Kuakini Hospital, 
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Honolulu, Hawaii, Meets third Monday of each month 
at 7:30 P.M. 

RabioLocicAL Socrety OF GREATER Kansas CITY 
Secretary, Dr. J. Stewart Whitmore, 1010 Rialto Bldg., 
Kansas City, Mo. Meets last Friday of each month. 

RADIOLOGICAL Society OF Kansas City 
Secretary, Dr. Arthur B. Smith, 800 Argyle Bldg., Kansas 
City, Mo. Meets third Thursday of each month. 

RADIOLOGICAL SOCIETY or LOUISIANA 
Secretary, Dr. Andrew F. Giesen, Ochsner Clinic, New 
Orleans 15, La. Meets annually during Louisiana State 
Medical Society meeting. 

RADIOLOGICAL Society or New Jersey 
Secretary, Dr. E. Arthur Kratzman, 912 Prospect Ave., 
Plainfield, N. J. Meets in Atlantic City at time of State 
Medical Society meeting and in October or November 
in Newark, N. J. 

RADIOLOGICAL SOCIETY or THE State or New York 
Secretary-Treasurer, Dr. John W. Colgan, 273 Hollywood 
Ave., Rochester 18, N. Y. Annual meeting to be an- 
nounced. 

RADIOLOGICAL SOCIETY or SOUTH DAKOTA 
Secretary- Treasurer, Dr. Donald J. Peik, 303 S. Minne- 
sota Áve., Sioux Falls, S. D. 

RADIOLOGICAL Society or SOUTHERN CALIFORNIA 
Secretary- Treasurer, Dr. Charles G. Campbell, La Jolla, 
Calif. 

Repwoop Empire RADIOLOGICAL Socrery 
Secretary, Dr. Lee F. Titus, 164 W. Napa St, Sonoma 
Calif. Meets second Monday every other month. 

RICHMOND Country RADIOLOGICAL Sociery 
Secretary, Dr. W. F. Hamilton, Jr., University Hospital, 
August, Ga. Meets first Thursday of each month at 
various hospitals. 

ROCHESTER ROENTGEN Rav Socigrv, ROCHESTER, N. Y, 
Secretary, Dr. Gerald R. Holzwasser, Rochester General 
Hospital, Northside Division, 1425 Portland Ave., 
Rochester 21, N. Y. Meets at 8:12 p.m. on the last Mon- 
day of each month, September through May, at Strong 
Memorial Hospital. 

Rocky Mountain RADIOLOGICAL Socrery 
Secretary, Dr. John H. Freed, 4200 East Ninth Ave., Den- 
ver 20, Colo. Annual meeting to be announced. 

San ANTONIO-MILTTARY RADIOLOGICAL Socigry 
Secretary, Dr. Hugho F. Elmendorf, Jr., 730 Medical Arts 
Bldg., San Antonio <, Tex. Meets third Wednesday 
each month in Fort Sam Houston Officer's Club at 6:30 
P.M. 

San Dieco RADIOLOGICAL Society 
Secretary, Dr. Charles G. Campbell, 6673 Avenida 
Manana, La Jolla, Calif. Meets first Wednesday of each 
month at the University Club. 

San Francisco RADIOLOGICAL SOCIETY 
Secretary, Dr. Malcolm Jones, University of California 
Hospital, San Francisco 22, Calif. Meets quarterly at the 
San Francisco Medical Society, 2:0 Masonic Ave., San 
Francisco 18, Calif, 

SECTION ON RADIOLOGY, CALIFORNIA MEDICAL ASSOCIATION 
Secretary, Dr. William H. Graham, 630 East Santa Clara 
St., San Jose, Calif. 

Secrion on RADIOLOGY, MEDICAL Society or THE Dis. 
TRICT OF COLUMBIA 
Secretary-Treasurer, Dr. Martin A. Thomas, 11:20 Con. 
necticut Ave., Washington 6, D. C. Meets at Medical 
Society Library, third Wednesday of January, March, 
May and October at 8:00 P.M. 

SECTION on RADIOLOGY, SOUTHERN MEDICAL Association 


See 


Secrion on RapicLtocy, Texas MEDICAL ASSOCIATION 
Secretary, Dr. George F. Crawford, St. Elizabeth Hospi- 
tal, Beaumont, Tex. Meets annually with the Texas 
Medical Association. 
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SunEgvEPORT RADIOLOGICAL CLUB 
Secretary, W. R. Harwell, 608 Travis St., Shreveport, 
La. Meets monthly on third Wednesday at 7:30 P.M., 
September to May inclusive. 

Society Fon PEDIATRIC RADIOLOGY 
Secretary, Dr. John L. Gwinn, Children’s Hospital, Los 
Angeles 27 Calif. Annual meeting: Radisson Hotel, 
Minneapolis, Minn., Sept. 28, 1964. 

SOCIETY OF NUCLEAR MEDICINE 
Secretary, Mr. C. Craig Harris, Oak Ridge National 
Laboratories, Oak Ridge, Tenn. Administrator, Mr. 
Samuel N. Turiel, 430 N. Michigan Ave., Chicago m, lll. 
Annual meeting: Claremont Hotel, Berkeley, Calif., June 
17-20, 1964. 

Souty Bay RADIOLOGICAL SOCIETY 
Secretary, Northern Section: Dr. John S. Wilson, 1515 
Trousdale Dr., Burlingame, Calif.; Southern Section: Dr. 
A. C. Mitchell, 728 Cass, Monterey, Calif. Meets second 
Wednesday of each month. 

SOUTH CAROLINA RADIOLOGICAL SOCIETY 
Secretary, Dr. George W. Brunson, 1406 Gregg St., 
Columbia, S. C. Annual meeting (primarily business) 
in conjunction with the South Carolina Medical Associa- 
tion meeting in May. Annual fall scientific meeting at 
time and place designated by the president. 

SOUTHERN RADIOLOGICAL CONFERENCE 
Secretary-Treasurer, Dr. Marshall Eskridge, Mobile In- 
firmary, P.O. Box 4097, Mobile, Ala. Annual meeting: 
Grand Hotel, Point Clear, Ala., Jan. 31-Feb. 2, 1964. 

SOUTHWESTERN RADIOLOGICAL SOCIETY 
Secretary, John M. McGuire, 904 Chelsea, El Paso, 
Tex. Meets last Monday of each month at 6:30 P.M. in 
the Paso del Norte Hotel. 

TENNESSEE RADIOLOGICAL SOCIETY 
Secretary, Dr. B. M. Brady, St. Joseph Hospital, Mem- 
phis, Tenn, Meets annually at the time and place of the 
Tennessee State Medical Association meeting. 

Texas RADIOLOGICAL Society 
Secretary, Dr. R. P. O'Bannon, 402 Professional Bldg., 
1216 Pennsylvania Ave., Fort Worth 4, Tex. Annual 
meeting: Dallas, Tex., Jan. 31-Feb. 1, 1964. 

TRarSrATE RADIOLOGICAL SOCIETY 
Secretary, Dr. John H. Marchand, Jr., Methodist Hos- 
pital, Henderson, Ky. Meets third Wednesday of Oct., 
Jan., March and May, 8:00 p.m., Elks Club in Evansville, 
Ind. 

Universiry OF MICHIGAN DEPARTMENT OF ROENTGEN- 
OLOGY Starr MEETING 
Meets each Monday evening from September to June, at 
7:00 P.M, at University Hospital, Ann Arbor, Mich. 

Upper PENINSULA RADIOLOGICAL SOCIETY 
Secretary, Dr. A. Gonty, Menominee, Mich. Meets 
quarterly. 

Uran STATE RADIOLOGICAL SOCIETY 
Secretary, Dr. Richard Y. Card, St. Mark’s Hospital, Salt 
Lake City, Utah. Meets fourth Wednesday in January, 
March, May, September and November at Holy Cross 
Hospital. 

Vermont RADIOLOGICAL SOCIETY 
Dr. John R. Williams, 160 Allen St., Rutland, 

t. 

VIRGINIA RADIOLOGICAL SOCIETY 
Secretary, Dr. John M. Ratliff, Mary Immaculate Hos- 
pital, Newport News, Va. Interim meeting: Homestead 
Hotel, Hot Springs, Va., April 24-25, 1964. 

WASHINGTON STATE RADIOLOGICAL SOCIETY 
Secretary, Dr. Robert H. Rosenberg, 7011 38th Ave., 
N.E., Seattle 15, Wash. Meets quarterly. 

West VIRGINIA RADIOLOGICAL SOCIETY 
Secretary, Dr. Karl J. Myers, The Myers Clinic-Broad- 
dus Hospital, Philippi, W. Va. Meets concurrently with 
Annual Meeting of West Virginia State Medical Society; 
other meetings arranged by program committee. 

WESTCHESTER RADIOLOGICAL SOCIETY 
Secretary, Dr. Edward T. Bello, Westchester Academy 
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of Medicine, Section on Radiology, Purchase, N. Y. 
Meets on third Tuesday of January and October and on 
two other dates. 

Wisconsin RADIOLOGICAL SOCIETY 
Secretary, Dr. Charles Benkendorf, 408 St. Francis St., 
เฟ Bay, Wis. Annual meeting each spring in various 
places. 


Cusa, Mexico, PuerTO Rico AND CENTRAL AMERICA 


Asociación DE RapióLocos pe CENTRO AMERICA Y 
PaNAMÁ. Comprising: Guatemala, El Salvador, Hon. 
duras, Nicaragua, Costa Rica and Panamá. 
Secretary-General, Dr. Raul Arguello, ca. Ave., Norte 
No. 48, San Salvador, El Salvador. Meets annually in a 
rotating manner in the six countries, 

SOCIEDAD DE RapbioLoGÍA DE EL SALVADOR 
Secretary, Dr. Rafael Vaga Gómez. 

Soci£DAD DE RADIOLOGÍA DE GUATEMALA 
Secretary, Dr. Carlos E. Escobar, 9%, Calle A 0-05, Zona 1, 
Guatemala. 

SOCIEDAD DE RapioLocía v FisiorERAPÍA CUBANA 
Secretary, Dr. Miguel A. García Plasencia, Hospital 
Curie, 29 y F, Vedado, Habana, Cuba. Meets monthly at 
Curie Hospital. 

SOCIEDAD COSTARRICENSE DE RADIOLOGIA 
Secretary, Dr. James Fernández Carballo, Apartado vin, 
San José, Costa Rica. 

SOCIEDAD Mexicana DE RADIOLOG{HA, A. C. 

Calle del Oro No. 15, México 7, D. F. 
Secretary-General, Dr. E. Alvarez Hernández. 
Meets first Monday of each month. 

Asociación PUERTORRIQUENA De RADIOLOGIA 
Secretary, Dr. R. B. Díaz Bonnet, Suite 504, Professional 
Bldg., Santurce, Puerto Rico. 

SOCIEDAD RADIOLGGICA PANAMEÑA 
Secretary, Dr. L. Arrieta Sánchez, Apartado No. 6323, 
Panamá, R. de P. Meets monthly in a department of 
radiologv of a local hospital chosen at preceding meeting. 

SocigpAD RapiotócicA DE Puerro Rico i 
Secretary, Dr. Jorge Carreras Girard, Suite 504, Profes- 
sional Bldg., Santurce, Puerto Rico. Meets second Thurs- 
day of each month at 8:00 p.m. at the Puerto Rico Medi- 
cal Association Bldg. in San Juan. 


Brrrish COMMONWEALTH OF NATIONS 


ASSOCIATION OF RADIOLOGISTS OF THE PROVINCE OF QUEBEC 
Secretary, Dr. R. Robillard, Notre-Dame Hospital, 1560 
Sherbrooke St., East, Montreal, Que., Canada. Meets four 
times a year. 

BRITISH INSTITUTE or RADIOLOGY 
Honorary Secretary, Dr. R. D. Hoare, 32 Welbeck St., 
London, W. 1, England. Meets monthly from October 
until May. 

CANADIAN ASSOCIATION oF PHYSICISTS, 
MEDICAL AND BIOLOGICAL PHYSICS. 
Honorary Secretary-Treasurer, Paul M. Pfalzner, Dept. of 
Therapeutic Radiology, University of Western Ontario, 
London, Ont., Canada. Annual meeting: Halifax, Nova 
Scotia, June, 1964. 

EDMONTON AND District RADIOLOGICAL SOCIETY 
Secretary, Dr. J. T. Mason, 540 Tegler Bldg., Edmonton, 
Alberta, Canada. Meets second Tuesday of each month, 
October to May. 

Facutty or RADIOLOGISTS 
Honorary Secretary, Dr. C. J. Hodson, 47 Lincoln’s Inn 
Fields, London, W.C.2, England. Annual meeting to be 
announced. 

FACULTY or RADIOLOGISTS, ROYAL COLLEGE or SURGEONS 
IN ÍRELAND 
Registrar, Dr. H. O'Flanagan, F.R.C.P.L, D.P.H., 123 
St. Stephens Green, Dublin 2, Ireland. 

Secrion or RADIOLOGY or THE ROYAL Society or MEDI- 
CINE (CONFINED To MEDICAL MEMBERS) 

Meets third Friday each month at 4:45 p.m. at the Royal 
Society of Medicine, 1 Wimpole St., London, W. 1, Eng- 
land. 
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CANADIAN ASSOCIATION or RADIOLOGISTS 
Honorary Secretary Treasurer, Dr. D. J. Sieniewicz, Asso- 
ciate Honorary Secretary- Treasurer, Dr. Maurice Dufresne 
1555 Summerhill Ave., Montreal 25, Que., Canada. 
Annual meeting: Hotel Vancouver, Vancouver, B.C., 
Feb. 29~March 4, 1964. 

MONTREAL RADIOLOGICAL STUDY CLUB 
Secretary, Dr. Leonard Rosenthall, Montreal General 
Hospital, Montreal, Que., Canada. Meets first Tuesday 
evening, October to April, 

SECTION OF RADIOLOGY, CANADIAN MEDICAL ASSOCIATION 
Secretary, Dr. C. M. Jones, Inglis St., Ext. Halifax, N. S. 

SociÉTÉ CANADIENNE-FRANCAISE D ELECTRO RADIOLOGIE 
MÉDICALE 
General Secretary, Dr. Maurice Dufresne, 1560 Sher- 
brooke (East), Montreal, Que., Canada. Meets third 
Saturday each month. 

Toronto RADIOLOGICAL SOCIETY 
Secretary, Dr. Wallace M. Roy, St. Joseph's Hospitals, 
30 The Queensway, Toronto 3, Ont., Canada. Meets 
second Monday of each month September through May. 

COLLEGE or RADIOLOGISTS OF AUSTRALIA 
Honorary Secretary, Dr. E. A. Booth, c/o British Medical 
Agency, 135 Macquarie St., Sydney, N.S.W., Australia. 


SOUTH AMERICA 


AsOCIACIÓN ARGENTINA DE RaproLocfa 
Secretary, Dr. Lidio G. Mosca, Avda. Gral. Paz 151, 
Córdoba, Argentina. Meetings held monthly. 

ATENEO DE RADIOLOGIA 
Secretary, Dr. Victor A. Añaños, Instituto de Radiologia, 
Santa Fe 3100, Rosario, Argentina. Meets monthly on 
second and fourth Fridays at 7:00 p.m. in the Hospital 
Nacional del Centenario, Santa Fe 1300, Rosario. 

Corécio BRASILEIRO DE RADIOLOGIA 
Secretary -General, Dr. Tede Eston de Eston, Caixa Postal 
$984, Sdo Paulo, Brazil. 

SOCIEDAD ARGENTINA DE RADIOLOGIA 
Secretary, Dr. Armando B. de Onaindia, Santa Fe 1171, 
Buenos Aires. Meetings are held monthly. 

SOCIEDAD BOLIVANA DE RapioLocíA 
Secretary, Dr. Javier Prada Méndez, Casilla 1496, La 
Paz, Bolivia. Meets monthly. General assembly once 
every two years. 

SOCIEDADE BRASILEIRA DE RADIOLOGIA 
Secretary, Dr. Nicola Caminha, Av. Mem. de Sa, Rio de 
Janeiro, Brazil. General Assembly meets every two years 
in December. 

SOCIEDADE BRASILEIRA DE RADIOTERAPIA 
Secretary, Dr. Oscar Rocha von Pfuhl, Av. Brigadeiro 
Luiz Antonio, 644 São Paulo, Brazil. Meets monthly on 
second Wednesday at 9:00 p.m. in São Paulo at Av. 
Brigadeiro Luiz Antonio, 644. 

SOCIEDAD CHILENA DE RapioLocíA 
Secretary, Dr. J. P. Velasco, Avenida Santa María 
o410, Santiago, Chile. Meets fourth Friday of each 
month. 

SOCIEDAD COLOMBIANA DE RADIOLOGIA 
Secretary, Dr. Alberto Mejía Diazgranados, Carrera 13, 
No. 25-31, Apartado aéreo No. $804, Bogotá, Colombia. 
Meets last Thursday of each month. 

SociEDAD Ecuatoriana DE RapioLocfa v Fistorerapfa 
Secretary, Dr. Luis Blum, P.O. Box 3712, Guayaquil 
Ecuador. 

SociEDAD Paraguaya DE RaproLocfa 
Secretary, Dr. Miguel González Addone, 15 de Agosto 
322, Asunción, Paraguay. 

SOCIEDAD PERUANA DE RADIOLOGIA 
Secretary, Dr. Vicente Ubillus, Apartado 2306, Lima, 
Peru. Meets monthly except during January, February 
and March, at Asociación Médica Peruana “Daniel A. 
Carrión," Villalta 218, Lima. 

SOCIEDAD DE RADIOLOGIA DEL ATLANTICO 


* 


Society Proceedings 


FEBRUARY, 1964 


Secretary, Dr. Raul Fernandez, Calle 40 #41-110, Baran- 
quilla, Colombia. Society meets monthly at the Instituto 
de Radiologia. 

SociEDAD DE  Rapiorocía, Cancerotocfia v  FísicA 
MEDICA DEL URUGUAY 
Secretary-General, Dr. Ernesto H. Cibils, Av. Agraciada 
1454, piso 13, Montevideo, Uruguay. 

SOCIEDADE DE RADIOLOGIA DE PERNAMBUCO 
Secretary, Dr. Manoel Medeiros, Instituto de Radiologia 
da Faculdade de Medicina da Universidade do Recife, 
Caixa Postal 505, Pernambuco, Brazil. 

SOCIEDAD DE RogNTGENOLOGIA Y MEDICINA NUCLEAR DE 
LA Provincia DE CÓRDOBA 
Secretary-General, Dr. Carlos A. Oulton, Santa Rosa 447, 
Córdoba, Argentina. 

SOCIEDAD VENEZOLANA DE RabroLocíA 
Secretary-Generai, Dr. Rubén Merenfeld, Apartado No. 
9362, Candelaria, Caracas, Venezuela. Meets monthly 
third Friday at Colegio Médico del Distrito Federal, 
Caracas. 


CONTINENTAL Europe 


ÜsrERREICHIsCHE RONTGEN-GESELLSCHAFT 
President, Dr. Konrad Weiss, Mariannengasse to, Vienna 
9, Austria. Meets second Tuesday of each month in 
Allgemeine Poliklinik, 
SociÉrÉ BELGE DE RADIOLOGIE 
General Secretary, Dr. S. Masy, 256 Chaussée de Wavre, 
Heverlee-lez-Louvain, Belgium. Meets in February, 
March, May, June, October, November and December. 
SociÉrÉ Francaise D'ErLEcrRORADIOLOGIE MÉDICALE, 
and its branches: Socéré pu Sup-Ovgst, pu LITTORAL 
MÉDITERRANÉEN, DU CENTRE ET DU LYONNAIS, DU 
NORD, DE L’Ouest, DE L'EST, ET D'ALGER ET D'AFRIQUE 
pu Nonp. Central Society meets third Monday of each 
month, except during July, August and September, rue 
de Seine 12, Paris, France. 
Secretary-Genera?, Dr. Ch. Proux, 9 rue Daru, Paris 8°, 
France. 
ČESKOSLOVENSKÁ SPOLEČNOST pro ROENTGENOLOGII A 
RADIOLOGI 
Secretary, Dr. Robert Poch, Praha 12, Šrobárova 5o, 
Czechoslovakia, Meets monthly except during July, 
August, and September. Annual general meeting. 
DeurscHe RÖNTGENGESELLSCHAFT 
Secretary, Professor Dr. med. H. Lossen, Universitäts- 
Röntgeninstitut, Lagenbeckstr. 1, Mainz, Germany. 
SocietA โท ล ย เม ล DI RADIOLOGIA MEDICA E DI MEDICINA 
NUCLEARE 
Secretary, Dr. Ettore Conte, Ospedale Mauriziano, 
Torino, Italy. Meets annually. 
NEDERLANDSE VERENIGING VOOR RADIOLOGIE 
Secretary, Dr. H. F. O. Stricker, Schalklaar, Netherlands. 
SCANDINAVIAN ROENTGEN SOCIETIES 
The Scandinavian roentgen societies have formed a 
joint association. called the Northern Association for 
Medical Radiology, meeting every second year in the 
different countries belonging to the Association. 
Sociepap EspaNota pe RapioLocía v ELECrROLOGÍA 
MEDICAS y MEDICINA NUCLEAR 
Secretary, Dr. D. Aureo Gutierrez Churruca, Esparteros, 
No. 9, Madrid, Spain. Meets monthly in Madrid. 
SCHWEIZERISCHE GESELLSCHAFT FÜR RADIOLOGIE UND 
NUKLEARMEDIZIN (SociÉTÉ Suisse DE RADIOLOGIE ET 
DE MEDECINE NUCLÉAIRE) 
Secretary, Dr. Max Hopf, Effingerstrasse 47, Bern, 
Switzerland. 
AsIA 


INDIAN RADIOLOGICAL ASSOCIATION 
Secretary, Dr, R. E. Sethna, Navsari Building, Hornby 
Road, Bombay 1, India. 

INDONESIAN RADIOLOGICAL SOCIETY 
Secretary, Professor Sjahriar Rasad 


| Taman Tjut 
Mutiah 1, Diakarta, Indonesia. 
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Brezina, K. Seltene intrakranielle Aneurys- 
men. (Rare intracranial aneurysms.) Radi- 
ologia Austriaca, 1963, 14, 117-129. (From: 
Zentralróntgeninstitut des Kaiser-Franz- 
Joseph-Spitals der Stadt Wien, Vienna, 
Austria.) 


` An arteriosclerotic basis used to be considered as 
the most common cause of intracranial aneurysms. 
Current literature indicates that most of these 
aneurysms have a congenital etiology. Symptoms 
may be absent for a long time but clinical signs ap- 
pear after a rupture of the aneurysm and depend 
upon the location and extent of the hemorrhage. Two 
patients are discussed and, as a co-incidence, each 
had sustained a cranial injury at 6 years of age. 

The first patient, a boy of 17, complained of de- 
creasing vision in the right eye for 6 years and he was 
known to have complete optic atrophy in the left eye 
for 3 years. À neurologic examination was otherwise 
essentially normal. An aneurysm, measuring 8.5 
X7.5 cm., was located at the bifurcation of the in- 
ternal carotid on the left side. It had caused marked 
destruction of the sella turcica and partial erosion of 
the lesser wings of the sphenoid. 

Another boy, 12 years of age, was hospitalized be- 
cause of a temporary loss of consciousness following a 
second. trauma to the skull. Neurologic signs were 
minimal and the optic fundi were normal. Roent- 
genographic examination showed a giant aneurysm 
arising from the basilar artery or one of its branches. 
Considerable thinning of the calvaria and marked in- 
crease in the digital impressions indicated an internal 
hydrocephalus, which required a Torkildsen drain- 
age. The lesion measured 5.0 cm. in diameter and its 
extensively calcified wall was 6 mm. in thickness. It 
was situated in the region of the third ventricle with 
its major portion just to the right of the midline.— 
F. Zausner, M.D. 


Lyon, LEONARD Z., and SARNAT, BERNARD G. 
Limited opening of the mouth caused by en- 
larged coronoid processes: report of case. 
7. Am. Dent. A., Nov., 1963, 67, 644-650. 
(Address: 9735 Wilshire Boulevard, Beverly 
Hills, Calif.) 


The authors report a case of bilateral general en- 
largement of the mandibular coronoid process caus- 
ing definite limitation of mandibular movement be- 
cause of impingement on the zygomatic bone in a 27 
year old male symptomatic for 14 years. Lamina- 
grams confirmed the diagnosis. Following resection 
of both coronoid processes through an intra-oral ap- 
proach, a normal range of motion of the mandible 
was obtained and there were no complications or ex- 
ternal scars. 
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Bilateral enlargement of the coronoid process pro- 
ducing limitation of mandibular excursion is an un- 
usual condition but it must be added to the differ- 
ential diagnosis of ankylosis of the mandible. An 
extensive classification according to cause is pre- 
sented. 

The etiology of enlargement of the coronoid process 
needs clarification. Several theories are explored and 
the possible relationship to osteochondroma of the 
coronoid process is discussed.—Francts P. Shea, M.D. 


PasTREMOLI, A. Osservazioni radiologiche su 
alcuni casi di displasia fibrosa monostotica 
del mascellare superiore. (Radiologic obser- 
vations on a few cases of monostotic fibrous 
dysplasia of the superior maxillary bone.) 
Ann. radiol. diag., 1963, 36, 278-302. (From: 
Istituto di Radiologia dell'Università di 
Bologna, and Reparto di  Radiologia 
dell'Ospedale Civile di Imola, Italy.) 


Four cases of monostotic fibrous dysplasia, in 
which the maxillary bone was ihvolved, are pre- 
sented. The patients’ ages were 53, 69, 46 and 23 
years, respectively. In 2 cases the antrum was also 
involved with obliteration. 

In the discussion the author disagrees with the 
conclusions drawn by Lichtenstein and Jaffe on 
fibrous dysplasia. In his opinion the etiology of the 
process is either related to trauma or is of inflam- 
matory odontogenous origin. It is also stated that 
roentgenologically it is not possible to differentiate 
monostotic fibrous dysplasia from fibroid osteoma 
of the maxilary bone, and that the pathologic 
changes could likewise be considered an incomplete 
form of the leontiasis ossea. 

It is felt by this reviewer that the author does not 
support his conclusions with very definite roentgen 
and histologic findings.—A. F. Govoni, M.D. 


Woru, D. G. The os odontoideum: separate 
odontoid process. 7. Bone © Joint Surg., 
Oct., 1963, 45-4, 1459-1471. (Address: 1206 
Johnson Street, Kingston, Ontario, Canada.) 


The os odontoideum is a developmental anomaly 
of the axis in which the odontoid process is divided by 
a transverse gap. The separate apical portion may 
form the articulation with the transverse ligament of 
the atlas and when this occurs the distal fragment 
provides inadequate stabilization for the atlas and 
dislocation at the atlanto-axial articulation may re- 
sult. Lateral roentgenograms made in flexion and ex- 
tension will demonstrate the dislocation to optimum 
advantage. 

The author admits that it is not always easy to 
differentiate between an old ununited fracture of the 
odontoid and an os odontoideum. In the latter there 
is usually no history of a significant injury. Typically 
the os odontoideum is a small corticated ossicle 
separated from the base of the odontoid by a gap of 
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varying width. The plane of cleavage is above the 
plane of the superior articular processes of the axis 
and the base of the odontoid may project upward asa 
peg or convexity. Often the anterior arch of the atlas 
is overdeveloped and the posterior arch is attenu- 
ated. 

Nine such cases are presented and discussed. Only 
2 had objective evidence of compression of the cer- 
vical cord. Pain and limitation of neck movements 
were the two most frequent symptoms. Medicolegally 
it is important not to mistake this condition for a re- 
cent fracture of the odontoid.—4rthur E. Childe, 
M.D. 


Capurro, F. Garcia, Francois, R., and Som- 
MERGUTEN, G. (Montevideo, Uruguay). En- 
casquetamiento occipito-cervical: un signo 
radiológico de la artritis occipito-atloidea y 
atloido-axoidea. (Occipito-cervical telescop- 
ing: a radiologic sign of occipito-atloid and 
atloid-axis arthritis.) Radiologia, Panamá, 
Dec., 1962, 73, 11-14. 

In arthritic disease involving the upper two 
cervical vertebrae, one can find in lateral roentgeno- 
grams a number of alterations: wedging of the bodies 
of the axis and atlas, loss of parallelism between 
occiput and atlas, osteoporosis or osteosclerosis of 
the odontoid, osteophytes of the anterior borders of 
atlas and axis, diastasis between the anterior border 
of the odontoid process and the posterior rim of the 
atlas, and partial or complete ankylosis of the occip- 
ito-atloid and atloid-axis joints. 

In addition there is another valuable sign: the re- 
lationship between the tip of the odontoid process 
with Chamberlain's line. This line is drawn from the 
posterior border of the hard palate to the upper 
border of the lowermost part of the occipital fossa. 
The odontoid process tip normally is at or below 
Chamberlain's line; it may be found above this line 
in arthritis and arthrosis of the occipito-atloid and 
atloid-axis joints. The reason for it is that with de- 
generation of the articular cartilage the upper 
cervical spine telescopes itself into the base of the 
skull.—Francisco Comas, M.D. 


RickLEs, Norman H., and Josut, BHASKAR A. 
(Portland, Ore.) A possible case in a human 
and an investigation in dogs of death from air 
embolism during root canal therapy. 7. 4m. 
Dent. A., Sept., 1963, 07, 397-404. 

Air embolism occurs when air is introduced into 
the circulation at a greater pressure than that in the 
vasculature. The dangerous effect of these emboli de- 
pends upon: (1) the amount of air or gas (which 
varies from one typeof animal to another) in volume 
per kg.; (2) the speed of its injection, the effective- 
ness of which is contingent on the relation of the size 
of the pulmonary vessels and branches to the body 
weight; (3) body position, with the left lateral being 
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the safest; (4) nature of the gas injected, with the 
more readily soluble gases such as oxygen and carbon 
dioxide the least apt to be dangerous. 

The authors relate an incident, discussed with 
them, of the death of a young dental patient which 
occurred just a few minutes after air had been used 
for several minutes to clean the root canals of the 
lower teeth. The degree of emphysema in the face of 
the vouth led the pathologist to tie off the large 
vessels and open the right ventricle under water thus 
demonstrating a large quantity of air to be present. 
Magnin has reported one case and Shovelton several 
cases where subcutaneous emphysema of the cheek, 
lower eyelid, and the neck followed the use of pres- 
surized air to clean the root canals from the central 
incisors to the second bicuspid. 

In experimental attempts to reduplicate this, 7 
dogs were subjected to controlled laboratory in- 
vestigation using techniques varying the air pressure, 
the method of application of the air, the root canal of 
the specific tooth used, and the age of the animal. 
They were observed as to respiration and heart rate, 
with records of blood pressure and electrocardio- 
grams kept in 3 cases. The experiment was continued 
for 3o to 40 minutes or until the animal died. Au- 
topsies were conducted with the animals in the 
supine position. 

Three animals survived the experiment, in 2 of 
which the air was blown intermittently into the root 
canal with no obstruction to the back flow of the air. 
The third animal was old, leading to the assumption 
that senile changes of thickened vascular walls, 
fewer periapical vessels and smaller apical canals dis- 
couraged the entrance of air into the vasculature. 

All of the deceased had some degree of obstruc- 
tion of the back flow of air from the root canal. They 
exhibited frothy blood in the right heart, air emboli in 
the superior vena cava, internal mammary vein, 
jugular vein, and coronary arteries with an enlarged 
heart and collapsed lungs. 

It was deduced that the formation of emboli was 
enhanced by the obstruction to the back flow of the 
air. The passage of the small air bubbles was via the 
smaller veins to the jugular vein, thence to the right 
heart via the superior vena cava where they accumu- 
lated as frothy blood. With the animal in the sitting 
position, right lateral, or supine position, the out-flow 
of the right heart was superior in position to the bulk 
of the blood in the ventricle, thus allowing the frothy 
blood to accumulate in the area of the pulmonary 
valve and block the normal flow of blood. There fol- 
lowed an increase in the systemic blood pressure with 
a subsequent gradual decline, and pooling of blood in 
the right heart, and death. It was surmised that 
placing the patient on his left side would cause the 
pulmonary valve to be below the level of the blood in 
the right ventricle and allow a normal flow of blood 
from the right heart. This might be a life saving pro- 
cedure in the event such occurrences were encoun- 
tered. Subsequent studies with the dogs in a sitting 
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position caused death in a few seconds rather than 
minutes.— Sam W. Campbell, M.D. 


KEIL, RUDOLF, Ranpow, FRIEDRICH, and 
ScHULZE, HANS-ARTHUR. Strontium go in 
Menschenzáhnen. I. Mitteilung. (Stron- 
tium go in human teeth. Part I.) StraAen- 
therapie, June, 1963, 727, 294-298. (From: 
Institut far Allgemein- und Kommunalhy- 
giene der Universitat, Rostock, Germany.) 


A collection of teeth from humans aged 5 years 
and upward was measured radiochemically by the 
method recommended by Groos (using the report 
AERE HP/R2056). An average content of 0.55 pc 
Sr" /g. calcium was found on the basis of the im- 
pulse-rate from the Y* oxalate precipitate.— 
Henry G. Moehring, M.D. 


Keir, RULDOLF, Ranpow, FRIEDRICH, and 
SCHULZE, HANS-ARTHUR. Strontium go in 
Menschenzáhnen. II. Mitteilung. (Stron- 
tium go in human teeth. Part IL.) Sirahlen- 
therapie, Sept., 1963, 722, 117-122. (From: 
Institut far Allgemein- und Kommunalhy- 
giene der Universitat, Rostock, Germany.) 


The strontium go content of teeth from humans of 
different ages shows that contamination with Sr® 
decreases after the second decade of life. The con- 
tamination rates for deciduous teeth for the year 
1961 was 0.44 and o.46 for the first half of 1962 
(7 to 9 year old children). The contamination rates 
for permanent teeth of children up to 18 years old 
during these same years was 0.49 and 0.36, respec- 
tively; for adults between 18 and 30 years, 0.13 and 
0.14; and for adults over 30 years, o.10 and 0.05 pc 
Sr°°/g. calcium. 

With an arbitrary "standard tooth" contaminated 
to an intensity of 0.5 pc/g. calcium and yielding 1 g. 
of ash with 36 per cent calcium, the Sr® content is 
eight million atoms. These atoms undergo approxi- 
mately o.4 nuclear "events" per minute, therefore 25 
per hour and 200,000 per year. If one assumes that 
the Sr? is in equilibrium with YY, this rate is 
doubled. Henry G. Moehring, M.D. 


Neck AND CHEST 


Fator, WILLIAM H., KELLY, Tuomas R., and 
Jackson, J. Bruce. Intrathoracic goiter. 
Surg., Gynec. & Obst., Nov., 1963, 177, 604— 
610. (From: Surgical Service, Akron City 
Hospital, Akron, Ohio.) 


In the expanding literature, a goiter located in the 
thorax has been identified as intrathoracic, sub- 
sternal, mediastinal, aberrant mediastinal, partial 
and total intrathoracic, plunging, posterior medi- 
astinal, and anterior mediastinal. These titles, de- 
scriptive of anatomic location, fail to identify both 
the site or origin of the goiter and, of far more im- 
portance to the surgeon, the vascular attachments of 
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the tumor. A goiter which originates in the neck and 
secondarily descends into the thorax will carry its 
cervical vascular attachments with it; a goiter which 
originates within the thorax may be expected to de- 
velop vascular connections to the adjacent intra- 
thoracic vessels, or may, if associated with a cervical 
goiter, have a mixed intrathoracic-cervical blood 
supply. 

Primary intrathoracic goiters must almost in- 
variably be removed by the transthoracic approach, 
since it is impossible by the cervical route to ligate 
short vessels arising from the arch of the aorta or the 
adjacent large vessels. The authors report 1 primary 
intrathoracic goiter—posterior mediastinal; and 3 
cases of mixed primary and secondary intrathoracic 
goiter—I anterior and 2 posterior mediastinal. 

Almost all secondary anterior and the majority of 
secondary posterior intrathoracic goiters may safely 
be removed through the standard cervical incision, 
while almost all primary intrathoracic goiters must 
be removed through a thoracotomy incision, com- 
monly right posterolateral, occasionally transsternal. 
—C. Peter Truog, M.D. 


LIEBOW, Averitt A. Recent observations on 
pulmonary collateral circulation. Med. Thora- 
calis, 1962, r9, 609-622. (Address: Yale 
University, New Haven, Conn.) 


The production of collateral circulation encom- 
passes the larger problem of angiogenesis. New ob- 
servations indicate that chemical as well as mechan- 
ical forces must guide the development, growth, and 
destination of collateral vessels in the lung. Mechan- 
ical expansion of smaller vessels and capillaries is the 
first phase. However, nonmechanical guidance 
mechanisms are indicated when lung collaterals de- 
velop in an orderly fashion, so that arteries come to 
connect with arteries and veins with veins, although 
all are derived from a common capillary bed of 
granulation tissue. Hormonal control of this process 
has been shown in rats, where cortisone inhibits and 
growth hormone stimulates the process. 

Once the collateral circulation is established in a 
lung, hemodynamics are altered. With an inter- 
rupted pulmonary artery, there is a transpulmonary 
left-to-left shunt. With developed collaterals, one 
may get a left-to-right shunt reversing blood flow into 
still patent pulmonary arteries. Connections between 
the high pressure systemic and low pressure pul- 
monary arterial system represent points of resistance 
which can increase the work of the right ventricle, 
and produce also a shunting of blood into normal 
tissue.—Arch H. Hall, M.D. 


SANDERS, VERNON. Idiopathic disease of myo- 
cardium: a prospective study. 4.M.d. Arch. 
Ini. Med., Nov., 1963, 112, 661-676. (Ad- 
dress: 6363 Roswell Road, Atlanta, Ga.) 


The author reviews the clinical and pathologic fea- 
tures of idiopathic disease of the myocardium in 27 
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patients who had objective evidence of heart disease 
prior to age 45 in the absence of (1) angina or electro- 
cardiographic evidence of arteriosclerotic heart dis- 
ease, (2) pulmonary or systemic hypertension, (3) 
constrictive pericardial disease, and (4) organic heart 
murmurs suggesting acquired valvular lesions or 
congenital heart disease. The average age of this 
group was 36.6 years of which 78 per cent were males. 

The signs and symptoms were predominantly those 
of compromised cardiac output. Theintial complaints 
included easy fatigability, exertional dyspnea, late 
afternoon ankle swelling and palpitations. Six pa- 
tients had evidence of embolic phenomena. 

Chest roentgenograms revealed generalized en- 
largement of the cardiac silhouette, which often re- 
sembled pericardial effusion. Biopsies and CO; 
angiograms in 10 patients failed to reveal fluid in the 
pericardial sac suggesting that the abnormal cardiac 
shadow was probably due to a baggy, dilated, thick- 
ened myocardium. Fluoroscopy failed to show any 
discrete chamber enlargement. Myocardial contrac- 
tions were termed "hypoactive," "shallow," and 
“feeble.” 

An infectious agent was searched for but was not 
found. Viral studies in 12 instances proved unreward- 
ing. Other etiologic factors are discussed as well. 

The concept of pancardiopathy is emphasized 
with pathologic studies showing endocardial and 
pericardial as well as myocardial involvement. 

It is suggested that many examples of idiopathic 
disease of the myocardium may share a common in- 
citing factor and may represent a burned-out stage 
of infectious myocarditis.—Francis P. Shea, M.D. 


ABDOMEN 


Kiser, Joun R. Chronic gastric ulcer asso- 
ciated with aspirin ingestion: a report of 5 
cases and review of the literature. 4m. 7. 
Digest. Dis., Oct., 1963, 8, 856-869. (Ad- 
dress: 2290 Sixth Avenue, San Diego, Calif.) 


The author states that his attention was directed 
toward the subject of chronic gastric ulcer in patients 
with long standing pain and aspirin ingestion when 
several patients were seen with these complaints in 
rapid succession. None of the patients being reported 
was taking other ulcerogenic drugs at the time the 
ulcer was discovered. 

In experimental work on rats in 1937, Barbour and 
Dickerson found that aspirin given in toxic doses by 
the oral route produced superficial gastric ulceration 
in 66 of 69 rats. Subcutaneously given aspirin also 
caused gastric ulceration, and in larger doses caused 
severe gastric hemorrhage. Douthwaite and Lintott, 
in 1939, described gastric irritation and gastric 
hemorrhage in patients following the use of aspirin. 
They examined 16 patients given I gm. of crushed 
aspirin in 28 cc. of water. It was found that 13 of 
these patients developed a reaction of the mucosa 
varying from hyperemia to intense congestion with 
submucous hemorrhages. During the past 10 years a 
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number of references have been made to the occur- 
rences of massive gastrointestinal bleeding following 
the ingestion of aspirin. Brown and Mitchell, in 
1956, studied 46 patients hospitalized with massive 
gastrointestinal bleeding; 70 per cent of these had in- 
gested aspirin within several hours prior to the 
hemorrhage, while 40 per cent of 100 control patients 
without bleeding had aspirin during the same period. 
Watson and Pierson, in 1961, found occult blood in 
the stools of patients using enteric-coated tablets, 
and suggested that perhaps the small intestine was 
also a site of bleeding. 

Douglas and Johnston, in 1961, studied 78 pa- 
tients hospitalized with chronic gastric ulcer; 57 of 
these patients had been taking salicylates for an ex- 
tended period. They noted that many of these pa- 
tients were headache sufferers with pain symptoms 
predating the ulcer. Observation of this clinical triad 
of chronic relapsing headache, aspirin ingestion, and 
chronic gastric ulcer was the initial stimulus for their 
study. They also suggested, however, that in view of 
the enormous quantities of aspirin consumed by 
people in general, it must be selective in its pro- 
pensity to cause ulcer. They point out that patients 
who are seen with a gastric ulcer should be questioned 
specifically concerning the ingestion of salicylates, 
especially aspirin, as information about such a 
common drug would not ordinarily be volunteered. 

The author presents 5 cases of chronic gastric 
ulcer, each associated with the ingestion of a large 
amount of salizylates prior to the onset of symptom- 
atology and discovery of the ulcer. Each of these in- 
dividuals had a benign, chronic pain problem. 
Healing of the ulcer took place only after discon- 
tinuation of the salicylates—Douglas S. Kellogg, 
M.D. 


BocHeTTO, Joserpy F., Raycrort, Jonn F., and 
De Innocentes, Louis W. Multiple poly- 
posis, exostosis, and soft tissue tumors: 
Surg., Gynec. E Obst., Oct., 1963, 777, 489- 
494. (From: Department of Surgery, Kings 
0 Hospital Medical Center, Brooklyn, 

sXe) 


The triad of polyposis of the colon, multiple osteo- 
matosis, and multiple soft tissue tumors was first de- 
scribed by Gardner and his co-workers in 1950 and is 
known as Gardner’s syndrome. They presented 6 pa- 
tients in a family group of §1 living persons and also 
postulated a dominant mode of inheritance for all 3 
manifestations passed via a single defective gene. 


Bone tumors. The osseous tumors are benign osteo- 
matosis or exostosis. They arise primarily in mem- 
branous bone and are confined for the most part to 
the skull and facial bones. These tumors are gen- 
erally self limiting, and none have been reported to 
undergo malignant change. 


Soft tissue tumors. They are usually mutiple, most 
frequently cutaneous or subcutaneous. The common- 
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est forms are epidermoid cysts, desmoid tumors, 
fibromas, neurofibromas, or poorly differentiated con- 


to have a malignant potential. 


Multiple polyposis. The intestinal form of this dis- 
ease is preponderantly within the colon, and the 
natural course of the colonic involvement, with its 
severe malignant change, is essentially the same in 
both diseases. As can be seen then, the colonic mani- 
festation is by far the most common component of 
this triad. 


The authors present a case of Gardner's syndrome 
in à 34 year old woman and 2 cases of the disease in 
offsprings of the patient, each of whom has 2 stigmata 
of the syndrome, namely, osteomatosis of the facial 
bones and ribs and soft tissue fibromas. Although the 
2 offsprings have remained free from colonic disease 
until the age of 19 and 21, if Gardner's thesis is cor- 
rect, colonic polyposis should eventually develop. 
The bony tumors and soft tissue lesions precede the 
chnical diagnosis of polyposis and constitute an im- 
portant early diagnostic finding in this entity.— 
7T. T. Ling, M.D., 


Garsscu, H. Die unblutige róntgenologische 
Funktionsdiagnostik der extrahepatalen Gal- 
lenwege. (The bloodless, roentgenologic, 
functional diagnostic examination of the ex- 
trahepatic biliary pathways.) Radiologia 
Austriaca, 1963, 74, 131-158. (From: Medi- 
zinische Universitatsklinik in Wien, Vienna, 
Austria.) 

The conventional methods of cholecvstography 
(oral or intravenous) or operative choledochography 
including planimetric or volumetric measurements, 
cannot give adequate information about the function 
of the extrahepatic bile ducts. A combination of 
pharmacologic tests and serial roentgenograms 
is necessary for a satisfactory studv of the physi- 
ologic and pathophysiologic function of the biliary 
tract. The effects of several pharmaco-dynamic tests 
are indicated in the following table: 


Gallbladder 


Increased tonus: 
Gallbladder is normal in 
size or dilated 


Morphine 


Decreased tonus: 
Gallbladder is enlarged 


Atropine and 
Amvlnitrite 


Increased tonus: 
Gallbladder is smaller 


Cholecystokinin 
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Morphine, a parasympathetic stimulant, produces 
an effect opposite to that of atropine and amyl- 
nitrite. The results of the cholecystokinin test indi- 
cate that it exerts its effects over humoral rather than 
neurologic pathways. 

A diagnosis of the precise type and location of a 
disturbance in function within the biliary tract is of 
great Importance, particularly if surgical interven- 
tion is contemplated. The author gives a detailed ac- 
count of his investigations of the varied forms of 
dyskinesias because in a report of 1,100 cholecystec- 
tomized patients, 25 per cent of the gallbladders 
showed no pathology, either on gross or histologic 
examination, The dyskinesias and the effect of 
cholecystokinin (CCK) are as follows: 

(1) Hyperkinesia (hyperkinetic dyskinesia; hyper- 
kinetic type; hyperevacuation; hypermotility; vesic- 
ular hypertonicity; hypertonic cholecystopathy). 
After the administration of CCK, there is a rapid 
and marked decrease in the diagonal diameter of the 
gallbladder, the contraction-quotient being 1.7 to 
43 (with an average of 2.54). CCK acts directly on 
the muscularis of the gallbladder, producing marked 
contraction. of the viscus, while the choledochal 
sphincter is in a normal or in a relaxed state. 

(2) Hypokinesia (hypotonia of the gallbladder; 
hypotonic dystonia; hypokinetic form; atonic type; 
cholecystatony; atonic distention; atonic chole- 
cystopathy), After CCK, there is a delayed and 
minimal decrease in the duodenal diameter and only 
a contraction-quotient of 1.0-1.6 (average is 1.21). 
The intensity of opacification in the hepatic and 
common ducts is increased as a result of increased 
spasm of the sphincter of Oddi. 

(3) Hypertonicity of the sphincter of Oddi (hyper- 
tonic dyskinesia; hypertonic dystonia; spasm of the 
sphincter). The isolated form of this disturbance is 
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diagonal diameter of the gallbladder, the quotient 
being 0.9 to 1.3 or similar to hypokinesia. The gall- 
bladder fills very early and rapidl y; the intrahepatic 
portions of the bile ducts are normal in caliber and 
completely opacified; the hepatic and common ducts 
are distended. After a fatty meal, the size of the gall- 
bladder is minimally decreased. The behavior of the 


Sphincter of Oddi Duct of Wirsung 


Increased tonus: 
Bile flow is reduced 


Increased tonus: 
Reflux is reduced 


Decreased tonus: 
Reflux is greater 


Decreased tonus: 
Bile flow is increased 


Decreased tonus: 


Decreased tonus: 
Bile flow is increased 


Reflux is greater 


Vot. gr, No. 2 


sphincter after CCK serves to differentiate a func- 
tional disturbance from an inflammatory process or 
an organic stenosis of the papilla, since evacuation of 
the gallbladder would exclude the possibility of an 
organic lesion. 

(4) Hypertonicity of the galibladder neck-cystic duct 
portion (dyskinesia of the neck-cystic duct type; 
evacuation insufficiency of the infundibulum; 
syphopathia). After CCK, the diameter of the gall- 
bladder is greater, so that the quotient 1s almost 
always less than 1.0; the viscus assumes a conical 
shape but if evacuation is poor or absent, the gall- 
bladder becomes almost spherical. Atropine-amyl- 
nitrite cannot produce any evacuation of the gall- 
bladder contents when a disturbance in function 
exists, CCK, in larger doses, may cause partial 
evacuation. Morphine is contraindicated in this 
type. 

(5) Hypotonicity of the sphincter of Oddi (hypo- 
tonic dyskinesia of the sphincter). This type is 
common after cholecystectomy. The usual measure- 
ments are unsatisfactory. The condition is recognized 
by the poor filling of the extrahepatic biliary system 
(and the gallbladder, if present) due to flow of con- 
trast material into the duodenum in spurts. Cine- 
roentgenography demonstrates a prolonged opening 
phase of the sphincter and diminished closure time. 
Morphine produces a rapid and complete filling of 
the biliary system. In questionable cases, the ad- 
ministration of CCK causes widening of the papilla 
and unhampered evacuation of the gallbladder. 

While CCK offers valuable information, an analy- 
sis of functional disturbances cannot be considered 
complete without the other aids, especially cine- 
roentgenography. CCK also has its limitations, par- 
ticularly in women during the menstrual phase, preg- 
nancy or menopause, since the hormonal effect during 
these periods is not clearly understood.——7. Zausner, 
M.D. 


BLOOD AND LYMPH SYSTEM 


ABRAMS, HERBERT L. Present status of biplane 
cineangiocardiography: a roentgenographic 
procedure. 7.2. M./4., June 8, 1963, 75g, 
747-752. (From: Department of Radiology, 
Stanford Medical Center, 300 Pasteur Drive, 


Palo Alto, Calif.) 


The value of biplane study in defining more pre- 
cisely anatomic and physiologic findings in angio- 
cardiography led to the early use of coupled rapid 
exposures in 2 planes and by 1955 biplane cinefluor- 
ography was feasible. The addition of image intesi- 
fiers synchronized and triggered by their respective 
cameras in a time sequence exactly 180° out of phase 
so that the tubes were activated alternatingly pro- 
vided a more useful tool as previously described. A 35 
mm. negative, later printed on 16 mm. film, is used, 
originally with an 11 inch and now with a 9 inch 
image intensifier in recording injection sequences at 
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sites selected with the aid of previously collected 
data. The sequences start with the injection of the 
contrast material and are monitored with electro- 
cardiographie control. 

The use of this technique in 300 clinical studies of 
the heart is summarized. 

In left to right shunts it allows definition of a shunt 
not otherwise detected through routine catheteriza- 
tion studies either because of the small size of the 
shunt or the masking of a shunt at one level by a 
shunt at another. The details of the shunt may be 
demonstrated. 

In the Taussig-Bing anomaly immediate opacifica- 
tion of the transposed aorta occurs simultaneously 
with shunting into the pulmonary artery, where the 
diluting effect of concomitant left ventricular ejec- 
tion may be noted. 

In Ebstein's anomaly gross tricuspid insufficiency 
is obvious and the contraction of the atrialized por- 
tion of the right ventricle may be seen to be in unison 
with the functioning right ventricle. 

In aortic valvular and subvalvular disease obser- 
vation of the dynamics allows determination of con- 
stancv of the site as in organic obstruction; visualiza- 
tion of obstruction may remain throughout systole as 
in functional infundibular stenosis or may be a tran- 
sient protodiastolic event of no significance. A jet 
during systole, of contrast material being ejected or 
of ejected blood impinging upon the contrast mate- 
rial, as well as valvular deformity allows detection of 
valvular stenosis. Direct visualization of regurgita- 
tion in aortic insufficiency enables a quantitative 
approach in the evaluation of the reflux. Mitral ste- 
nosis displays a large left atrium. with. diminished 
amplitude of contraction and limited valvular mo- 
tion. Evaluation of the Jet through the narrowed 
valve permits rough quantification. In mitral insufh- 
ciency there is direct visualization of the event which 
must be distinguished from that occurring physio- 
logically following prolonged diastole by observing 
several cycles. 

In endocardial fibroelastosis there is left sided 
dilatation and marked damping of systolic contrac- 
tion along with prolonged lesser circulation time 
because of increased left sided pressures. 

Biplane cineangiocardiography has not only 
proved its value in the investigation of virtually all 
congenital and acquired heart lesions but provides a 
valuable tool in physiologic research. In left to right 
shunts at the atrial level, the major shunt occurs 
during early filling, and at the ventricular level the 
shunt, which is confined to systole in small defects, 
gains an increasing diastolic component with larger 
defects, augmented by rising left atrial systole. In 
right to left shunts, right ventricular systolic ejection 
occurs into the aorta directly and there is a right to 
left ventricular shunt during protodiastole, followed 
by little shunting during the rest of diastole. Aortic 
insufficiency has been noted in dogs during protodias- 
tole with moderate injection pressures and quanti- 
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ties. The reflux ceases with valve closure and 1s aug- 
mented by increased intrathoracic pressure. Many 
other problems have been brought into sharper focus 
with this technique.— Dr. Fredrick L. Mishkin M.D. 


CHASE, N., Hass, W. K., and Ransouorr, J. 
Modified method for percutaneous brachial 
angiography. 4.M.4. Arch. Neurol., June, 
1963, &, 632-639. (Address: Dr. Norman E. 
Chase, New York University-Bellevue Med- 
ical Center, 550 First Avenue, New York 16, 

X s 


A safe, rapid method of percutaneous brachial 
angiography designed for use in a program of pan- 
cerebral angiography is presented. The method dif- 
fers from other reported methods of brachial angiog- 
raphy mainly in the type of needle employed, the site 
of puncture and the use of isotonic saline floating on 
top of the contrast agent in the syringe. 

The method consists of mild sedation prior to 
injection and local infiltration anesthesia about the 
site of arterial puncture. In both right and left bra- 
chial angiographies, a blood pressure cuff is placed 
below the elbow. After palpation, the brachial artery 
in the mid-upper arm is located and punctured with a 
25 inch No. 15 or 16 gauge “thin-walled” Cournand 
needle. The needle is threaded as far as possible up 
the artery, then taped 1n place and connected to a 
pressure injector pre-loaded with 20 to 30 cc. of con- 
trast agent and 15 to 20 cc. of isotonic saline floating 
on top of the contrast agent in the syringe. The blood 
. pressure cuff is inflated above systolic pressure and 
the injection is made with the injector set at 625 |b. 
of pressure. Timing, synchronization and positioning 
vary with the area to be examined. 

This method has been used on more than 300 
vessels in 200 consecutive patients. Right brachial 
injection produces visualization of the right carotid 
and right vertebral arteries in all cases where the ves- 
sels are present and not occluded. In 40 per cent of 
patients the extracranial portion of the left carotid 
artery is visualized and in approximately 20 per cent, 
the intracranial branches of theleft carotid artery are 
reported to be adequately visualized. The left verte- 
bral artery is best visualized by left brachia! angiog- 
raphy. When it is necessary to visualize the left carot- 
id artery, it Is necessary in most cases to perform a 
standard percutaneous puncture of the left common 
carotid artery. 

The complications included: (1) some discomfort 
in the face and shoulder immediately after injection; 
(2) lost radial pulse, in 3 of a total of 5 cases returning 
after a short time; (3) transient increase in neurologic 
deficit in 2; and (4) one death § days after injection. 
—— Sam. B. Baker, M.D. 


Puitp, T., SAMUEL, Eric, and Dunean, J. G. 
Reversed vertebral artery blood flow in sub- 
clavian artery obstruction (subclavian steal). 
Clin. Radiol., July, 1963, 74, 310-316. (From: 
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Radiodiagnostic Department, 
. firmary, Edinburgh, Scotland.) 


Stenosis or occlusion of the subclavian artery 
proximal to its four main branches (vertebral, inter- 
nal mammary, costocervical and thyrocervical) may 
reduce the effectiveness of the collateral circulation 
to the arm unless refilling of the main vessel can be 
achieved by reversed flow in one or more of the main 
branches. If as a result of proximal subclavian artery 
stenosis, a fall in pressure distal to the stenosis below 
that at the vertebral basilar junction occurs, there 
may follow a reversal of the pressure gradient in the 
vertebral artery, producing symptoms of ischemia. 
This is thought to be due to diversion of blood from 
the cerebral circulation to the upper limb. 

The commonest site of subclavian artery throm- 
bosis is distal to the origins of the major branches, 
and collateral circulation to the arm is via the inter- 
costal arteries and the suprascapular and subscapu- 
lar vessels. Thrombosis proximal to the origin of the 
major branches may result in refilling of the main 
channel through any or all of the major branches. 
Following thrombosis at the origin of the subclavian 
artery, an adequate supply of blood to the affected 
area through collateral channels may prevent the 
onset of signs and symptoms of peripheral ischemia, 
but this may be at the expense of the cerebral circula- 
tion. Cerebral symptoms may not ensue 1f compensa- 
tory flow to the brain proves adequate, but athero- 
sclerosis which is a generalized disease may retard 
such compensatory flow. As atherosclerosis pro- 
gresses, the effects of decreased cerebral flow may 
become more evident. 

Three cases are presented illustrating reversal of 
blood flow in a vertebral artery following occlusion or 
stenosis of the corresponding subclavian artery proxi- 
mal to the origin of the vertebral artery. Retrograde 
filling of other collateral vessels, particularly the 
thyrocervical and costocervical: trunks has been 
demonstrated in one case, and the anatomy of the 
total possible collateral circulation to the arm is 
discussed.—Samuel G. Henderson, M.D. 


GanBscH, H., KAINDL, F., KAUTEK, E., and 
ORELLI, A. V. Diagnostische Problematik bei 
venóser Stauung im Schulter-Hals-Bereich. 
(Diagnostic problems of venous stasis in the 
shoulder-neck area.) Radiologia Austriaca, 
1963, 74, 67-76. (From: Medizinische Uni- 
versitatsklinik in Wien, Vienna, Austria.) 
The most frequent causes of venous stasis of the 

shoulder-neck area are phlebothrombosis, traumatic 
thrombosis, venous obstruction due to scar forma- 
tion, tumors and other extraneous causes of compres- 
sion. Venous angiography 1s essential to determine 
the site of obstruction and the extent of the collateral 
circulation. It 1s contraindicated, however, in the 
presence of acute infection, and when a thrombo- 
embolic tendency exists. Five pertinent cases are 
reported. 
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In the first two patients, the axillary vein. was 
obstructed and ample collateral circulation had been 
established. In the third patient, a swelling of the left 
arm, extending upward to the shoulder and neck, had 
developed suddenly following a venipuncture. Four 
months later, angiography disclosed an obstruction 
of the distal segment of the axillary vein with collat- 
eral circulation. The fourth patient was a forester, 
age $2, with a history of sudden swelling of the right 
arm without trauma. Five months later phlebogra- 
phy revealed extension of the arm veins to the supra- 
clavicular and neck veins. Other veins led to the 
scapular veins which also were connected with the 
neck veins. In the fifth patient, a phlebogram re- 
vealed obstruction of the left axillary vein. Of special 
interest was the presence of tissue strands which 
connected the first rib with the undersurface of the 
clavicle. When these strands were severed surgically, 
a complete cure ensued. 

Slow development of axillary vein. obstruction 
suggests compression, while a sudden onset denotes 
thrombosis. When collateral circulation is absent, 
cardiac catheterization is advisable to test the degree 
of patency of the vein. Etiologic factors cannot be 
established in all cases with certainty, but constitu- 
tional factors like strong muscles, dropping shoulders 
and skeletal anomalies favor the venous stasis. Im- 
mediate causes are faulty neurovascular regulation 
and sudden increase of endovascular coagulation of 
blood which occasionally follows repeated minute 
traumatic episodes. craft, M.D. 











LanG, Ericu K. A survey of the complications 
of percutaneous retrograde arteriography: 
Seldinger technic. Radiology, Aug., 1963, 37, 
257-263. (From: Department of Radiology, 
Methodist Hospital, Indianapolis, Ind.) 


By means of a questionaire sent to 300 physicians, 
data were obtained regarding the complications 
encountered in 11,402 arteriographies performed by 
the Seldinger technique. The reported complications 
were classified as minor, serious, or fatal. The type 
and relative frequency of the various complications 
are shown by appropriate tables. 

There were 325 complications classified as minor. 
In this group the main lesions were local hematoma 
and subintimal or intramural injection of contrast 
substance. Practically all these patients also had 
temporary arterial spasm and loss of pulse. Minor 
complications were usually related to faulty tech- 
nique. Of the 81 complications classified as serious, 
arterial thrombosis at the puncture site was the most 
common and most dreaded. Disease of the cardio- 
vascular system was apparently a factor predisposing 
to thrombosis. Appropriate therapy, when started 
early, will have a favorable influence on the morbid- 
ity and mortality rate of the serious complications, 
especially arterial thrombosis. 

There were 7 fatalities recorded. It would appear 
that they were un mainly to arterial thrombosis or 
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rupture, or to pulmonary infarction. One of the 
deaths could have been due to the contrast medium 
but it was felt that this type of complication ts rarely 
encountered.-—McClure Wilson, M.D. 


Simon, Harop, Moauin, Ross, and DAME- 
SHEK, WILLIAM, The inferior venacavagram 
and lymphoproliferative disorders. JAM-A. 
June 22, 1963, 784, 978-980. (Address: 
Dr. H. Simon, 171 Harrison Avenue, Boston 
it, Mass.) 


The inferior vena cava was opacified by injection 
of contrast medium into the right or left femoral 
vein. Valuable information was obtained in regard to 
extent of disease and localization of tumor. This 
proved a valuable guide to radiation therapy. Rou- 
tine excretory urograms were made following the 
examination. The inferior vena cavagram yielded 
more information than the excretory urogram. 

A total of 21 cases were studied with 12 abnormal 
inferior vena cavagrams and § abnormal intravenous 
urograms.—Conrad B. Frydenlund, M.D. 


ViAMONTE, MANUEL, JR, ALTMAN, DONALD, 
Parks, Raymonp, BLUM, EDWARD, Bevit. 
ACQUA, MICHAEL, and RECHER, Louis. 
Radiogr aphic-pathologic correlation in the 
interpretation of lymphangioadenograms. 
Radiology, June, 1963, S0, 903-916. (From: 
Departments of Radiology and Pathology, 
University of Miami School of Medicine, 
Jackson Memorial Hospital, Miami, Fla.) 


Lymphangioadenography has been used as an aid 
in differential diagnosis, evaluation of malignancies, 
causes of edema, and to stain the lymph nodes when 
later surgery is to be done. FDC Blue £1 dye was 
employed for lvmph channel indentification, and 
ethiodol to inject the channels. Large bore catheters 
and an automatic pressure-temperature controlled 
injector have helped solve the technical problems of 
ly mphangiography. 

There were 253 successful Iymphangiographic 
studies done. The characteristic findings of the nor- 
mal lymph nodes, acute lymphadenitis, granulomas, 
metastatic malignancy, and lymphomas are de- 
scribed. Several of these are illustrated with repro- 
ductions of lymphangiograms and photomicrographs 
of histologic sections; particularly interesting are 
those of cat scratch disease, infectious mononucleosis, 
tuberculous adenitis, sarcoidosis, and histoplasmosis. 

The conclusions are that abnormal morphology 
does not always indicate malignancy; different proc- 
esses may show the same pattern; and the same 
pathologic process may show a varying pattern. 
When a large number of cases have been studied, a 
characteristic lymph node pattern may then be es- 
tablished.-— ames C. Moore, M.D. 
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SCHAFFER, BURTON, KOEHLER, P. RUBEN, 
DANIEL, C. RICHARD, Wout, Georce T., 
SkELLEv, ไอ ร รถ พ F. A critical evaluation of 
lymphangiography. Radiology, June, 1963, 
$0, 917-930. (From: Departments of Radi- 
ology and Pathology of the Philadelphia 
General Hospital, and from the School of 
Veterinary Medicine of the University of 
Pennsylvania, Philadelphia. Pa.) 


Lymphangiography was performed in 141 pa- 
tients, with lesions divided into groups: (1) lympho- 
vascular, (2) inflammatory, (3) lymphoma and (4) 
carcinoma. Histopathologic study was done in 41 
cases, on 259 lymph nodes. The ethiodol globules in 
the lymph nodes were noted to be surrounded by 
giant cells as early as 12 hours after injection. Ethi- 
odol was present early in the lung alveolar capillaries, 
later in the macrophages, and absent after several 
months. It was seen in the kidneys but without evi- 
dence of microinfarction or inflammation. It was also 
found in the spleen, but apparently without reaction. 
Repeat lymphangiograms showed no evidence of 
damage to the lymphatic system. Water soluble 
media were tried but were not satisfactory. Brilliant 
Blue Dye was used to identify the lymphatics. 

Thirteen wound infections were noted; 1 patient 
had lymphangitis; other complications included fever 
(7), pain (2), vomiting (1), lymphatic rupture and 
extravasation without untoward effects (27), and 
swollen extremities (7). Pulmonary oil embolization 
occurred in 24 patients, including 1 with frank signs 
of pulmonary infarction. There was one intravenous 
injection, also without untoward effects. Studies are 
under way using ethiodol tagged with I?!, and isola- 
tion of tumor cells during lymphangiography. 

It is felt that the procedure is of value in the diag- 
nosis of lymphoma but of less value in diagnosing 
metastatic carcinoma. No permanent tissue damage 
has been demonstrated by histologic examinations, 
repeat studies, or by clinical evaluation.-— ames C. 
Moore, M.D. 


GENERAL 


Lopwick, GWILYM S., Keats, THEODORE E., 
and Dorst, Joun P. The coding of roentgen 
images for computer analysis as applied to 
lung cancer. Radiology, Aug., 1963, &7, 185- 
200. (From: Department of Radiology, Uni- 
versity of Missouri School of Medicine, 
Columbia, Mo., and Department of Radi- 
ologv, University of Iowa College of Medi- 
cine, Iowa City, Iowa.) 

'The increasing complexity of medical knowledge 
has prompted the search for more effective means of 
handling the vast amount of data used in modern 
patient care, The digital computer has proved valu- 
able in performing this function in business and in 
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many scientific disciplines, and can be equally useful 
in medicine, providing that roentgenographic data 
can be converted into the exact qualitative and quan- 
titative forms required by the computer. The authors 
describe a concept of converting visual images on 
roentgenograms into numerical sequences which can 
be manipulated and evaluated by a digital com- 
puter. 

For this study, the roentgenograms of $41 cases of 
primary lung cancer were reviewed and analyzed 
along with all known clinical information. Less than 
1 per cent of the total number were lost to follow-up. 
In this series, the absolute 6 year survival rate was 
noted to be 1.3 per cent and was lower than that of 
several other large series of reported cases. This figure 
likely represents the advanced stage of the disease at 
the time of referral. In order to analyze a period in 
which the yield of survivals 1s relatively large, the 1 
year survival was selected, for reasons which are 
discussed. 

In the authors’ method various individual charac- 
teristics of the tumor were selected for data analvsis 
and each characteristic was quantitated 1n order to 
reflect adequately the extent of the disease process. 
This information was then assigned to specific nu- 
merical columns on a tabulating card. The interested 
reader should refer to the original article for a more 
detailed account of the data presentation. The ac- 
curacy of this detailed descriptive system was tested 
by reconstruction of the original roentgenographic 
appearance, utilizing only the numerical data from 
the card. Four such reconstructions are presented 
which reproduced the original in a highly satisfactory 
manner. 

The computer-derived results of this study indi- 
cate that distinctly delineated, small tumors with 
little secondary involvement have much better survi- 
val and operability rates than the larger, less well 
outlined lesions with many secondary changes. It is 
suggested from this study that lung cancers are es- 
sentially uniform in their degree of malignancy. 
Another interesting feature of this analysis indicates 
that a location in the right middle lobe carries the 
poorest prognosis, as compared to other lobes, and 
that spherical tumors carry a better prognosis than 
elongated tumors. Calcification was noted to be rare 
in tumors of the mid or peripheral zone of the lung 
but was present in 14.5 per cent of tumors involving 
the hilar zone. In all cases the calcification was non- 
specific and it was assumed that the tumors enve- 
loped healed granulomatous lesions. 

The authors emphasize that their principal objec- 
tive is to present clearly a method of "digitizing" 
roentgenograms by which the data, converted into 
numerical sequences, can be studied by high speed 
data processing systems. This coding technique pro- 
vides a basis for the exploration of the use of the digi- 
tal computer in diagnostic radiology and for further 
evaluation of the roentgen examination as a means of 
predicting cancer behavior. It 1s obvious that a com- 
puter can produce no results which are better than 


Vot. 91, No. 2 


the data it is given to process, Therefore, a require- 
ment of "computer medicine" is that we learn to 
express our observations in precise terminology 
which can be recorded, processed electronically, and 
reproduced in a usable form.—E. B. Best, M.D. 


Mevers, Pune H., Becker, Har C, 
Sweeney, James W., Nice, CHARLES M., 
Jr., and NETTLETON, WILSON J., JR. Evalu- 
ation of a computer-retrieved radiographic 
image. Radiology, Aug., 1963, 97, 201-206. 
(From: Tulane University School of Medi- 
cine, New Orleans, La.) 


An evaluation of computer-retrieved radiographic 
images is presented. This pilot study has convinced 
the authors: (1) that the present state of the elec- 
tronic and mechanical art is entirely adequate to 
effect analog signal representation of radiographs and 
(2) that currently available analog-to-digital con- 
verters and interfaces for digital computers are en- 
tirely adequate. 

'The electronic system used in this study was de- 
signed and built by one of the authors. With a low- 
resolution system, 35 mm. reproductions and small 
segments of radiographs were electronically scanned, 
using a standard Tektronix type 535-A oscilloscope 
as a flying spot scanner raster source. The light from 
the scanning raster, after transilluminating the radio- 
graph or film, was collected by a photomultiplier to 
develop a video signal which was D.C.-amplified and 
fed to an analog-to-digital converter. This digital 
information was sensed by an IBM 1401 digital com- 
puter through its Serial Input-Output Adapter. The 
elements of each horizontal line were then transferred 
to digital magnetic tape. The absolute values of the 
directional derivatives taken with the 1401 computer 
in the +X direction, and the +Y direction were 
summed for each area element. This new image ma- 
trix, which they called the composite derivative of 
the original image, was written on digital magnetic 
tape, and is being used in a computer analysis pro- 
gram for scanned radiographic images. 

Both the original image and the derivative image 
were retrieved in two ways: (a) on the IBM 1403 
printer to produce a gray scale and (b) with a simple 
digital-to-analog converter operating from the Serial 
I/O adapter of the IBM 1401 computer into an am- 
plifier which modulated the Z axis of a cathode-ray 
tube in a standard oscilloscope with a long persist- 
ence screen—for visual observation. The oscilloscope 
was photographed with a Polaroid camera to produce 
permanent retrieved photographs of the original 
image and also of the derivative image. 

The radiographic images retrieved from the digital 
computer afforded information below the threshold 
of visualization of the human eye on the original 
radiograph. Operational systems should be assembled 
to test pattern recognition and "computer diagnosis" 
hypotheses. This should result in the development of 
new and useful techniques.—4. W. Sommer, M.D. 
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RADIATION THERAPY 


Burr, R. C., MacKay, E. N., and SELLERS, 
A. H. Radiation therapy in the treatment of 
carcinoma of the lung. Canad. M. A. T., June 
15, 1963, 88, 1181—1184. (Address: Dr. R. C. 
Burr, Professor of Radiotherapy, Queen's 
University, and Director, Ontario Cancer 
Treatment and Research Foundation, Kings- 
ton Clinic, Kingston, Ontario, Canada.) 


From 1938 to 1958, 2,457 cases of cancer of the 
lung were treated at the Ontario Cancer Clinics. 
During part of this time only orthovoltage roentgen 
therapy (200-250 kvp.) was available but later cobalt 
60 beam therapy was provided. 

It was possible to compare the one year survival 
rates for cobalt 60 and roentgen therapy. Cobalt 60 
beam therapy appears to have a significant advan- 
tage: 26 per cent as against 13 per cent in over 800 
cases in each group. 

Resection alone gave a one year survival rate of 54 
per cent (£o cases), resection with radiation therapy 
63 per cent (135 cases), radiation therapy alone 19.5 
per cent (1,863 cases), and no therapy 8.6 per cent 
(409 cases). The five year survival rate for all meth- 
ods was 3.3 per cent.—enry J. Klos, M.D. 


Haytocx, Aran. Angiography in Kaposi's 
sarcoma. Clin. Radiol., July, 1963, 74, 304- 
309. (From: Department of Radiology, Uni- 
versity College Hospital, Ibadan, Nigeria.) 
The object of this paper is to report the angio- 

graphic findings in 7 cases of Kaposi’s sarcoma in 

Nigerian patients, and to describe a technique in 

which diagnostic angiography is combined with 

chemotherapy. 

In recent years it has been found that the tumor 
occurs frequently in Africa, being more common in 
moist tropical regions than in drier, sandy areas. It is 
seen 1 6 to 20 times more often in men than in women, 
especially in middle-aged patients. The etiology 1s 
obscure. The appearances are variable but character- 
istic, beginning with inflammation and vascular 
dilatation, and progressing through a granulomatous 
stage to actual neoplasia. The skin eruption is char- 
acterized by nodules and plaques of a bluish, bluish- 
red, or reddish-brown color, usually found on the 
extremities as tender and painful lesions. They may 
be discrete or coalescent, ranging 1n size from 1 mm. 
to I em. in diameter. In most cases the underlying 
limb bones are affected, showing rarefaction, cyst 
formation, cortical erosions, and occasionally com- 
plete bone destruction. Visceral lesions are found 
most commonly in the intestines, followed by the 
liver and lungs. 

Angiography is of value in Kaposi's sarcoma (1) to 
confirm the diagnosis, and (2) to demonstrate the 
true extent of the lesions often shown to be consider- 
ably greater than thought on clinical grounds. The 
contrast medium should be injected as quickly as 
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possible and a larger quantity than usual should be 
used. There is much earlier visualization of the ve- 
nous phase, and consequently the timing of the 
roentgenographic exposures must be altered. 

On the roentgenograms each nodule is seen to 
receive a large blood supply from a single arterial 
vessel which breaks up into a leash of small inter- 
woven vessels. The appearance of multiple vascular 
tumors in the subcutaneous tissues leads to an almost 
certain diagnosis of Kaposi's sarcoma. In multiple 
small congenital arteriovenous fistulae the clinical 
history and the patient's age will suggest the correct 
diagnosis, and this can be confirmed by biopsy. 

Surgery is a suitable form of therapy when there 
are single isolated lesions. In more widespread in- 
volvement radiation therapy appears to be preferable 
to surgery. As an alternative to radical surgery can- 
cer chemotherapy is being used increasingly in Ni- 
geria because radiation therapy is not available. The 
drug of choice at present is a freshly dissolved solu- 
tion of mustine hydrochloride B.P.C. in normal 
saline, containing 1 mg./cc. A dose of 20 mg. per limb 
has been used, repeated at intervals, if necessary. All 
of the 7 patients here reported who have been so 
treated are well at present, but true assessment of the 
results must be deferred until a longer time elapses. 
Roentgenologically, re-examination after chemo- 
therapy shows that there does not seem to be any 
change in previously existing bone lesions, but the 
vascularity of the affected area is seen to be reduced. 
Many of the lesions previously demonstrated will be 
seen to have disappeared, while the others are re- 
duced in size.—JSamuel G. Henderson, M.D. 


PAPILLON, J., DARGENT, M., and Cuassarp, 
J. L. La lymphographie au lipiodol ultra- 
fluide en cancérologie (à propos de 62 ob- 
servations). (Lymphography with ultrafluid 
lipiodol in cancerology [on the basis of 62 
observations].) 7. de radiol., d'électrol. et de 
méd. nucléaire, June-July, 1963, 44, 397-406. 
(From: Chaire de Radiologie et Centre 
Léon-Bérard, Lyon, France.) 


Lymphographic studies were performed in 62 
cases, of which 2 were of an upper extremity; the 
remaining 60 were on the lower extremities, with 57 
being bilateral and 3 unilateral; 12 per cent were 
technical failures. 

Primary diseases of the lymph nodes, gynecologic 
and testicular tumors provided the bulk of cases, 
although miscellaneous lesions including cat-scratch 
disease and filiariasis are listed. 

The authors conclude that primary malignant 
lymph node diseases, notably Hodgkin's disease, 
constitute indications for lymphography because of 
the prognostic information and therapeutic guidance 
obtained. As to uterine and cervical carcinoma, the 
lack of opacification of the presacral and promon- 
torial lymphatic chains (which is expected by present 
methods) is a definite handicap. 
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Valuable as lymphography is, the skill and time 
required, and persisting uncertainties of interpreta- 
tion preclude its use as a routine procedure.—Frank 


A. Riebel, M.D. 


Riper, W. D. Radiation damage to the brain— 


Radiologists have long been aware of the fact that 
brain damage may follow exposure to ionizing radia- 
tion. Since nerve cells have been considered to be 
relatively radioresistant, it has been assumed that 
the necrotic changes in the neural tissue occur sec- 
ondarily as the result of radiation injury to the more 
susceptible vascular tissues. Typically, there is a Jong 
latent period between the exposure to the radiant 
energy and the development of clinical signs and 
symptoms which, in the classic syndrome, gradually 
increase to a plateau and then persist. Tissue repair 
and recovery are not anticipated. 

In recent years, investigators have begun to ques- 
tion the role of vascular damage in the pathogenesis. 
In some instances changes in the myelin sheath have 
been seen to precede the alterations in the cells of the 
vascular endothelium and the histologic pattern of a 
demyelinating disorder was thought to be produced 
by primary neural damage. 

The author describes the clinical and pathologic 
findings in 3 patients treated for neoplasms of the 
middle ear with a cobalt 60 source to a depth dose of 
5,500 rads administered over a one month period. An 
unusual syndrome evolved; symptoms appeared 
more quickly and were of shorter duration than those 
observed in the classic pattern. The latent period was 
measured in weeks, not months. The onset was acute, 
not gradual. Two patients recovered and the patho- 
logic features were those of a demyelinating disease, 
not a vascular disorder. 

Clinical evidence of postradiation brain damage 
first appeared about 10 weeks after completion of the 
radiation treatment and was characterized by nausea 
and vomiting followed by ataxia, dysarthria and 
dysphasia. There were signs of gross cerebellar 
ataxia. One patient suffered paralysis of the sixth 
cranial nerve and exhibited an extensor plantar re- 
sponse. There was no papilledema and the spinal 
fluid, electroencephalograms and ventriculograms 
were normal. One patient died 4 weeks after the 
onset of symptoms; the others began to improve at 
this time and recovery was complete in about 6 to 8 
weeks. They remained well for 6 years. 

Postmortem study of the brain revealed patchy, 
disseminated demyelination very similar to that seen 
in multiple sclerosis except that the plaques were 
confined to those portions of the cerebrum, cerebel- 
lum and brain stem which had received irradiation. 
Plaques were more numerous where the tissue dose 
was highest, but some were also present in areas of 
relatively low dosage. The pattern was strikingly 
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different from that usually seen following radiation 
injury in that vascular damage was minimal and 
normal neurones and axones were seen passing 
through areas of demyelination. 

The pathogenesis is open to speculation. Some of 
the features suggest an allergic or auto-immune 
response. Recent work indicates that certain cyto- 
plasmic enzymes may be depressed by irradiation of 
nerve cells but that these changes are reversible. 

The observations are important because they 
indicate that neural tissue is not uniquely insensitive 
to radiation. Brain damage occurs primarily and is 
not dependent upon vascular injury. The clinical 
picture differs radically from the previously accepted 
pattern. Therefore, it constitutes à new syndrome 
which must be recognized by the practitioner who 
might otherwise assume that the acute onset of neu- 
rologic signs and symptoms so soon after treatment 
was caused bv tumor. In these circumstances, the 
author advises a “watch and wait" policy since the 
syndrome may regress spontaneouslv.— fack Reyn- 


olds, M.D. 


GRAHAM, Jonn B., and VILLALBA, RAFAEL J. 
Damage to the small intestine by radio- 
therapy. Surg., Gynec. €8. Obst., June, 1963, 
116, 665-668. (From: Gynecologic Service, 
Roswell Park Memorial Institute, Buffalo, 
N. YJ 


The authors review their 6 cases of small intestine 
damage incidental to radiation therapy and review 
the principles of diagnosis and management based on 
these and other cases reported in the literature. 

Most patients with radiation damage to the small 
intestine have received external radiation therapy 
with doses of 4,500 r or more to large fields, are thin, 
and usually have had previous surgery and/or sepsis 
in the pelvis presumably leading to adhesions fixing 
the bowel. Most complications occur in the first year 
after therapy and involve the terminal ileum. 

The manifestations are: 1) obstruction, usually 
progressive; 2) perforation with peritonitis, abscess 
or fistula formation; 3) hemorrhage; and 4) diarrhea 
and malnutrition. 

In general, conservative surgery with a by-pass 
procedure is recommended, such as ileo-transverse 
colostomy. Resection of the damaged, matted mass 
of intestine is tolerated poorly except in those cases 
where a very localized area of bowel may have been 
damaged by radium placement.—Henry J. Klos, 
M.D. 


Maver, E. G. Lokale Strahlenschaden— 
Ursachen und Folgerungen. (Local radiation 
damages, their causes and sequelae.) Radi- 
ologia Austriaca, 1963, 74, 3-27. (From: 
Zentral-Róntgeninstitut der Universitat in 
Wien [Guido-Holzknecht-Institut], Vienna, 
Austria.) 


Radiation damage of the skin in orthovoltage and 
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supervoltage therapy is frequently unavoidable and 
acceptable to a certain degree. Strangely enough, 
however, skin damage from an overdose of radi- 
ation occurs more frequently in the treatment of 
benign conditions, such as warts and syringomyelia. 
Excessive fluoroscopy, conducted by surgeons during 
fracture setting, is another cause. Such skin damage, 
however, is completely avoidable when proper pre- 
cautions are taken as time monitoring, careful shut- 
ter control and frequent interruptions of fluoroscopy. 

When such precautionary measures are followed, 
much permanent skin damage can be prevented. This 
was proved by the Vienna’s Untallskrankenhaus, 
where from 1925 until 1962 approximately 300,000 
roentgen examinations had been performed without 
causing a single instance of radiodermatitis. Fre- 
quently, damage was cumulated by ultraviolet and 
hot-air treatments, by sunburns, irritating ointments 
and other harmful medications. The author also 
points out that therapeutic cortisone injection into the 
damaged skin may result in sloughing and ulcer 
formation, similar to pressure effect from braces and 
belts. 

Other causes of radiodermatitis are excessive dos- 
age due to faulty meters, inadequate monitoring 
devices and lack of shielding of large fields. Calibra- 
tion of the roentgen-ray equipment should be done 
by an approved physicist at least every 3 years with 
meters checked by the Bureau of Standards. 

In crossfire technique, faulty centering of the roent- 
gen beam may result in a double dose due to the 
overlapping of two adjacent fields. Idiosyncrasy, so 
often blamed for unsuspected skin burns, does not 
exist. Increased radiosensitivity, however, occurs in 
the presence of nerve damage to an extremity. There- 
fore, syringomyelia must be ruled out prior to radia- 
tion therapy. Other causes of hypersensitivity are 
toxic dermatitis from medication in areas previously 
irradiated, obese abdominal wall and pendulous 
breasts. 

Cooperation between the referring physician and 
the radiotherapist is frequently inadequate. Thus, a 
clinician without proper training and experience may 
prescribe an excessive dose. Also, a radiotherapist 
may be supplied with the misleading diagnosis of a 
possible malignancy and consequently cause perma- 
nent skin damage unnecessarily. 

Numerous pertinent cases are discussed, partly 
from a medicolegal standpoint. Of special interest is 
the case of a martyr with a so-year follow-up study. 
The patient was a technician who in “pioneer” days 
had received excessive radiation to her legs during 
fluoroscopies.— Ernest Kraft, M.D. 

KRo&kowskI, E., and FHLING, U. Strahlenge- 
fahrdung, Strahlenscháden und Strahlen- 
schutz des Auges. (Radiation dangers, radia- 
tion damages and radiation protection of the 
eve.) Radiologia Austriaca, 1963, 14, 57—65. 
(From: Strahleninstitut und Strahlenklinik 
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der Freien Universitat Berlin am Stadtischen 
Krankenhaus Westend und Max-Planck- 
Institut fur vergleichende Erbbiologie und 
Erbpathologie, Berlin-Dahlem, Germany.) 


The eye, as a superficially lying organ, is directly 
exposed to external radiation. Therefore, protection 
of this vital organ is important. To determine the 
radiosensitivity of the different parts, eyes of experi- 
mental rabbits were exposed to superficial roentgen 

rays. The technical factors were 60 kv., 4 ma., 4 cm. 
distance and 2 cm. diameter field. 

The retina proved to be the least sensitive part, as 
no pathologic changes were noted with doses up to 
3,000 r. Damage, however, was evident due to radia- 
tion-induced hydrophthalmus. The cornea was also 
radioresistant with doses up to 2,000 r. The eyeball 
had a weight loss of 12 per cent with 1,000 rads and of 
40 per cent with 2,000 rads in the young, while in the 
adult animals the weight loss ranged only from 0.3 
per cent to 2 per cent. The bony structures of the 
orbit showed retarded development with growth 
arrest in the young. The lens was the most sensitive 
part of the eye. With a single dose of 200 r develop- 
ment of a cataract started. With a protracted-frac- 
tionated dose of 1,000 r lens clouding could be ob- 
served in the adult. 

From a practical standpoint one has to differenti- 
ate between (1) occupational hazards, especially of 
watch makers handling radioactive luminous dials, 
(2) the hazards of contaminated atmosphere and (3) 
the specific dangers from therapeutic irradiation of 
tumors. The accumulated dose of watch dial workers 
to the eyes is 70 r per year. Roentgenologists, whose 
daily average fluoroscopies are 2 hours, receive an 
annual dose of 8 to 16 r per year in spite of adequate 
precautions. 

In view of the radiation hazards, adequate protec- 
tion of the eyes is important. With conventional 
roentgen diagnostic procedures the dosage is still 
within normal limits. In roentgen therapy, however, 
when the orbital area is included in the field of radia- 
tion, leaded glass cups are essential to protect the 
lens and other contents from permanent damage. To 
assure the roentgenologist's safety during fluoro- 
scopic examinations, the lead glass, covering the 
screen, must have a prescribed thickness. Also, the 
period of fluoroscopic studies should not exceed 23 
hours daily. 

Of special importance are strict regulations in the 
workshops for luminous paints. Here, the workers' 
minimum age should be 18 years. The maximum 
period of continuous employment should not exceed 8 
years, and under no circumstance should the cumula- 
tive radiation dose to the eye exceed 250 r. Not only 
medical but also ophthalmologic check-ups at regular 
intervals are essential to insure the safety of the 
exposed workers.—Zrnest Kraft, M.D. 
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RADIOISOTOPES 
TUBIANA, M., VALLÉE, G., and MABILLE, J. P. 


L’iode radio-actif et le cancer de la thyroïde. 
II. Intéret thérapeutique (à propos de 109 

cas traités entre 1949 et 1958). (Radioactive 
iodine and thyroid carcinoma. II. Thera- 
peutic value [on the basis of 109 cases treated 
between 1949 and 1958].) F. de radiol., d'élec- 
trol. et de méd. nucléaire, June-July, 1963, 
44, 381- 396. (From: Département des Radia- 
tions de l'Institut G.-Roussy, et Laboratoire 
des Isotopes de l'Hópital Necker, Paris, 
France.) 


Among more than 300 patients studied and tested 
for thyroid carcinoma, 109 received one or more 
therapeutic doses of radioactive iodine between 1949 
and 1958; the periods between the end of the treat- 
ment and publication are from 3 to 12 years. 

It is known that thyroid carcinomas lose, in whole 
or part, the functional activity of the normal gland; 
therefore, irradiation with isotopes is less selective. It 
Is advisable to submit to treatment only those carci- 
nomas which are able to take up iodine in sufficient 
concentration. Histopathology plays an important 
role, the more differentiated and colloid-bearing 
tumors being more suitable for I?! therapy, although 
it is impossible to make selection on histopathology 
alone. External gammagraphy and histoautoradiog- 
raphy of punch biopsies or surgical material are 
valuable aids. The latter method is more useful since 
in external determinations confusion may arise be- 
tween interpretation of normal and tumorous tissues. 

Of the treated cases, 54 had no metastases, many 
in spite of incomplete surgical exeresis; there were 
numerous § year survivors. Fifty-five cases had 
metastases of which 28 were in lung, 24 in bone, and 3 
in both. The survival rate was better in the metasta- 
tic cases where ability to fix iodine was demonstrated. 
Of the 25 patients with iodine-fixing metastases who 
were treated 5 years ago or more, 13 have survived, 


including 3 whose lesions disappeared at least 10 
years ago.—Frank A. Riebel, M.D. 


Brickner, L., Cerny, J., and Beška, F. Our 
experience with cobalt beam unit GUT-CO- 


400-2. Radiol. clin., 1963, 32, 142-1g1. 
(Address: Dr. L. Brückner, Oncological 
Department, Paskov, C.S.S.R., Czechoslo- 
vakia.) 


In 1960 a Soviet cobalt 60 beam therapy unit ot 
"400 radium gram-equivalents" was installed in the 
authors’ hospital. They describe their experience 
with 169 patients and come to conclusions which 
agree with what they had read in the world litera- 
ture.—Henry J- Klos, M.D. 
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We try to present an accurate index. Occasionally this may not 
be possible because of a last-minute change or an omission. 





FOR UNMATCHED, FIELD-PROVEN 
SCREEN PERFORMANCE 
ALWAYS SPECIFY RADELIN 


Proven That No Other Screen, Regardless 
Of Type Or Speed, Provides Better Detail 


All Radelin screens incorporate new phos- 
phor refinements that further enhance the 
radiographic image. Their design provides 
the needed absorption of the scattered radi- 
ation which otherwise reduces detail. This 
is of particular importance with heavier 
anatomical examinations and the use of 
high speed screens. 


Proven For Uniformity And Consistent 
Radiographic Performance 


Critical selection of raw materials, rigid 
inspection and radiographic quality testing 
make Radelin the accepted standard in 
X-ray screens. 


RADELIN DIVISION 


BA Bk 


Proven To Last Longer 


A protective screen surface tougher than 
Radelin is vet to be devised. 


Proven Static Resistance 


Radelin’s patented Aluminized feature as- 
sures maximum protection against screen- 
induced static so common with polyester 
base screens. 


Proven To Provide Proper Contact 


Since all cassettes are designed for Radelin 
screens, no screen build up is necessary. 
Radelin’s base support is of the proper 
thickness and material to produce the re- 
siliency and cushion effect required for 
proper contact. 


Proven Easy To Clean And Keep Clean 


Less prone to static, Radelin screens at- 
tract less dust and soot, thereby requiring 
a minimum of attention. 


Proven Moisture Resistance 
And Dimensional Stability 


Radelin provides freedom from warping, 
wrinkling, curling or shrinking. 


Proven For Value 


Laboratory and field-proven features and 
reasonable cost demonstrate there is no 
value like Radelin. 
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Radelin Backs These Facts 
With 25 Years of 
Specialization In The 
Development, Manufacture And 
Application Of Phosphors. 


UNITED STATES RADIUM CORPORATION 


MORRISTOWN, N. J. | Offices: Chicago, lilinois and North Hollywood, Calif. Subsidiaries: Radelin Ltd., 


Port Credit, Ont., Canada and U.S. Radium Corp. (Europe), Geneva, Switzerland. 
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the ULTIMATE in table design! 
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ULTIMA-105 


HEAVY DUTY 
RADIOGRAPHIC-FLUOROSCOPIC 


X-RAY TABLES 


FOR THE PATIENT: 
the ultimate in comfort 


FOR THE RADIOLOGIST: the ultimate 
in efficiency and convenience...less 
work and less effort to do it! 
























๑ See your “Standard” Dealer or 
write for Descriptive Literature. 


| E» 
, 4 
Ld 


FUNCTIONAL CONVENIENCE: Maximum acces- 
sibility to the table. There's NO FRONT LEG, covered 
up or exposed, to keep the radiologist away from the 
table and spot film device. He can work comfortably 
right up against the inward slope of the table body 
(just 14 inches away from the center) without back- 
breaking bending and strain, resulting in more ease 
and much less effort. 


๑ Choice of manual, semi-automatic or fully auto- 
matic Spot Film Device. It is quickly, easily “parked” 
out of the way, leaving table top free and clear. Move- 
ment is smooth and light because of the weight-saving 
counterbalance method. Low profile of tower and spot 
film device in ‘‘parked’’ position eliminates inter- 
ference with shock-proof radiographic cables. 


๑ Table operates on a single fulcrum. Tilts 90? vertical, 
and full 15° Trandelenburg. Automatic horizontal stop 
is standard equipment. Provides coast-free tilting 
from foot switch on base or hand switch on spot device. 
A retractable step for patient's convenience is stand- 
ard. Features power driven moving table top (op- 
tional). 


๑ Magnetic locks for all movements of the fluoroscopic 
and spot film staging. Switch control at operator's 
fingertips or automatic operation by the spot device 
action. 


FUNCTIONAL EFFICIENCY: The manually operated 
multiple plane fluoroscopic collimator is the proven 
best method of coning in radiography. It is now adapted 
for fluoroscopy as standard equipment, at no extra 
cost. 


You get the built-in protection of a fluoroscopic col- 
limator, completely enclosed body and automatic 
bucky slot cover at no extra cost. 


FUNCTIONAL BEAUTY: a truly handsome table 
with clean, simple lines that is all new from the 
ground up. No unnecessary gadgets or decoration to 
increase cost or decrease function. It is handsome ina 
dignified way. Smooth surfaces are easy to clean and 
keep clean. Smart two-tone colors: light sand-tone on 
the body to emphasize working area; dark hammer- 
tone on base that continues to look good after years of 
cleaning, spillage or just plain abuse. This table is the 
finest exampe of Standard's more than 50 years of 
experience in the field ! 
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=" X-RAY COMPANY 


1932 N. Burling St., Chicago 14, Ill. 





FOUNDED IN 1906 AS THE AMERICAN QUARTERLY OF ROENTGENOLOGY 


THE AMERICAN JOURNAL OF 


ROENTGENOLOGY 
RADIUM THERAPY | 


AND 
NUCLEAR MEDICINE 


OFFICIAL ORGAN OF ) i zm. 


THE AMERICAN ROENTGEN RAY SOCIE 
THE AMERICAN RADIUM SOCIETY iN | 


TRAIAN LEUCUTIA, Editor 


KENNETH L. KRABBENHOFT, Assistant to the Editor 


ASSOCIATE EDITORS 
HARRY HAUSER RUSSELL H. MORGAN . EDWARD B. D. NEUHAUSER 
WENDELL G. SCOTT 


CONSULTING EDITORIAL BOARD 


PAUL C. AEBERSOLD PAUL C. HODGES U. V. PORTMANN 

OSCAR V. BATSON HOWARD B. HUNT LAURISTON S. TAYLOR 

JOHN CAFFEY JOHN H. LAWRENCE OWEN H, WANGENSTEEN 

ROSS GOLDEN REED M. NESBIT SHIELDS WARREN 
EUGENE P. PENDERGRASS 


Issued Monthly for the American Roentgen Ray Society by 
CHARLES C THOMAS - PUBLISHER - SPRINGFIELD - ILLINOIS 


VOLUME 91 MARCH, 1964 NUMBER 3 


Forty-sixth Annual Meeting, American Radium Society 
Greenbrier Hotel, White Sulphur Springs, West Virginia 
April 13-16, 1964 








Ret pt NOD stt 


จ 


vlr 


— 


- 2 ๐ 0 ฏ ฏ 2๐ ๐000 


Now, TV Fluoroscopy convenience at the cost of mirror viewil 


ELECON-— Specifically designed for daily routine fluoroscopy. any number of locations. Kinescope or videotape recording 
This new concept of fluoroscopy consists of a high gain (6 or 7 easily be added. Routine spotfilm radiographs are done \ 
inch) image intensifier with a high-quality vidicon camera cou- the famous side-loading Nassau spotfilm device. Here, for 
pled direct to the output phosphor. Fluoroscope with TV conveni- first time, is a new low-cost TV fluoroscopy system. Quality 
ence in a lighted room. Saves time, no dark adaptation required. trolled reliability you can depend on. Write for brochure. V 
TV monitors 8, 14, 17, 21, 24, and 27 inch sizes can be used in inghouse Electric Corp., 2519 Wilkens Ave., Baltimore, Md. 21 


"14 


You can be sure if it's Westinghouse 





GENERAL INFORMATION 


Manuscripts offered for publication and other correspondence relating to the editorial management and 
books for review should be sent to Dr. Traian Leucutia, Editor, 110 Professional Building, Detroit r, Michi. 
gan. Contributions may be sent in foreign languages and will be translated if found acceptable. Original 
articles are published with the understanding that they are contributed exclusively to THE AMERICAN JOUR- 
NAL OF RoeNTGENOLOGY, RADIUM THERAPY AND NUCLEAR MEDICINE. 

A certain number of illustrations will be supplied free of cost; but special arrangements must be made 
with the Editor and Publisher for excess illustrations and elaborate tables. 

Fifty reprints are furnished without charge to authors. Additional reprints may be purchased according 
to a scale of prices that accompanies galley proofs. As soon as each issue is printed, the type is destroyed ex- 
cept for reprint orders in kand. Reprint orders must be returned with corrected galley proof to the Editorial 
Office if additional reprints are desired. 

Correspondence regarding subscriptions, advertisements, and other business relating to THE AMERICAN 
JounNAL or RoENTGENOLOGY, RADIUM THERAPY AND NUCLEAR MEDICINE should be addressed to Charles C 
Thomas, Publisher, 301-327 East Lawrence Avenue, Springfield, Illinois. (All requests to be submitted in 
writing.) 


Manuscripts should be tvpewritten, with double spacing, and good margins (not on thin paper) and 
the original should be sent to the Editor. The author should keep a carbon copy, as the original is not re- 
turned. The name of the author should appear on each sheet of manuscript. Tabular materials should be 
typed on separate sheets; likewise bibliographical lists, footnotes, etc. 

Drawings and charts for reproduction should be made เท black (zever in blue). Photographic prints of 
plates or slides on glossy paper produce the best half-tones. 

All photographs and drawings intended for illustrations should be numbered, the top plainly indicated, 
and an abbreviated title of the paper placed on the back of each one. 

Legends for illustrations should be typewritten in a single list, double spaced, with numbers corresponding 
to those on the photographs and drawings, instead of attaching each legend to its corresponding figure. 

Care in preparation of bibliographies will save much time and correspondence. Each reference in a bib- 
liography should include the following information in order the indicated: Name of the author with initials; 
title of the article; name of the periodical; year, volume and pages. It is requested that the authors use the 
following as model: 

1. Olcott, C. T., and Dooley, S. W. Agenesis of lung of infant. Am. J. Dis. Child., 1943, 65, 766—780. 

The month should be given if the reference is to an issue of the current year. An alphabetical arrangement 
of the authors is requested. 

The author should always place his full address somewhere on his manuscript. This is very important 
and is often omitted. 





For information regarding membership in the American Roentgen Ray Society, address the Chairman 
of the Executive Council, Dr. J. P. Medelman, 110 Birchwood Avenue, White Bear Lake 10, Minnesota. 

For information regarding the program of the annual meeting of the American Roentgen Ray Society, 
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Justin J. Stein U.C.L.A. Medical Center, Los Angeles 24, California. 

For information regarding the program of the annual meeting of the American Radium Society, address 
the President, Dr. Charles G. Stetson, 97 Lawrence Parkway, Tenafly, New Jersey. 
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NEW-for same-day oral combined cholangiography 
and cholecystography, even in unprepared patients 


Oragrafin (Ipodate Calcium or 
Ipodate Sodium, Squibb) permits 
routine or rapid cholangiography 
and cholecystography in prepared 
and unprepared patients and is 
particularly suitablein geriatric,® 
cardiac, and obese* patients. Ora- 
grafin Calcium (ipodate calcium) 
Granules permit flexibility in dos- 
age and may be used for both 
over-night and same-day visuali- 
zation; Oragrafin Sodium 
(ipodate sodium) Capsules are 
intended for over-night radiog- 
raphy. Optimal concentration of 
either salt in the hepatic or bili- 
ary ducts occurs 1-3 hours after 
ingestion in nearly all cases)" 
Diagnostically significant filling 
of the gallbladder takes place 
within 5 hours or less after in- 
gestion,'"? particularly with Ora- 
grafin Calcium (1podate calcium). 
Causcs few side effects: The 
radiopaque medium is usually 
well tolerated.^? Only 11 tran- 
sient reactions were noted in a 
300-patient study — “a very low 
incidence of side effecta." t“... su- 
perior to fiopanoic acid] in caus- 
ing a definite lesser incidence of 
diarrhea and cramping.” 


N'"ORAGRAFIN' 


IPODATE SODIUM CAPSULES, SQUIBB IPODATE CALCIUM GRANULES, SQUIBB 


Dosage and Administration for same-day oral combined cholangiography and cholecystography: 
Oragrafin Caleium Granules (ipodate calcium) -- 2 packets 1 hour before examination. For over- 
night combined cholangiography and cholecystography: Oragrafin Sodium Capsules (ipodate 
sodium)—6 capsules, or Oragrafin Caletum Granules (ipodate caicium)—1 packet, 10 to 12 hours 
before visualization. An additional packet of Oragrafin Calcium Granules (ipodate calcium) one 
hour before examination. 

Supply: Oragrafin Calcium Granules (ipodate calcium), providing 61.7% iodine content —single- 
dose foil packets of 3 Gm. of ipodate calcium granules, Oragrafin Sodium Capsules (ipodate 
sodium), providing 61.4% iodine content — 0.5 Gm. ipodate sodium per capsule. 








Side effects: such as nausea, vomiting, diarrhea, headache, dysuria, urticaria, abdominal pains 
oceur infrequently. 

Precautions: Contraindicated for persons sensitive to oral iodine compounds; in presence of com- 
bined renal and hepatic disease or severe kidney impairment. Gastrointestinal disorders which | 
affect absorption or liver dysfunction (which may result in inadequate biliary secretion of me- 
dium) often impair visualization. 

For full information, see your Squibb Product Reference or Product Brief, 

References: (1) Richter, K., et al: Deutsche Gesundh, 15:630 (Mar. 24) 1960. (2) Saltzman, G. F.: Acta radiol. 54:417 
(Dec.) 1960, (3) Whiteside, C. G.: Brit. J. Radiol. 32:124 (Feb.) 1960. (4) Brannan, H. M., et al: Proc. Staff Meet. 
Mayo Clin. 46:197 (Apr. 12) 1961. (5) Kemp, F. H., and hide) Cay 
F. W.: Brit. J. Radiol. 35:63 (Jan,) 1961. (6) Saltzman, G. E., and S VIBB PEE uà 
Sundstrom, K, A.: Aeta radiol. 54:353 (Nov.) 1960, (1) W. W., QI i EL the Pools sd credunt 
and Fischer, H. W.: Am. J. Roentgenol, 87:145 (Apr.) 1962, CEEP pquine orvisrow BLE 
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CLYSODRAST FOR EFFECTIVE CLEANSING OF THE COLON 


CLYSODRAST used as an enema is an effective means of cleansing 

and preparing the colon for radiologic examination. 

The effective agent in CLYSODRAST is a nonirritant which stimulates the musculature 
to contract. The Tannic Acid in CLYSODRAST has a favorable influence on the 
deposition of Barium Sulfate on the mucosa and aids in preparation of the colon. 


CLYSODRAST 4,4 (DIACETOXYDIPHENYL)-(PYRIDYL-2)-METHANE AND TANNIC ACID N.F. 
Note: Cramping, weakness, nausea and fainting occur more often with this 

product than with less effective enemas. It should be employed with caution 

where colitis is known to exist. Warning: Use with great care in patients 

where old age, debility, cardiovascular or other diseases are present. 


DIVISION OF BARNES-HIND PHARMACEUTICALS, INC. 
Sunnvvale, California 
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Precision 


A precise rendering of all the key anatomical details— 

free of artifacts and fog—is essential for correct diagnosis. 

Then the radiologist may confidently apply his experience to the 
interpretation . . , sure in the accuracy of the reading. 

This quality of precision is the reason so many radiologists rely on 
Ilford. Experience confirms that Ilford X-ray Films provide the precise 
gradation necessary for the widest possible range of opacities and the 

_ consistent high speed essential to reduce risk of involuntary movement. 
Ilford X-ray materials are crafted in the British tradition 

to the highest scientific standards. 


. Available through your regular dealer. 


ILFORD RED SEAL STANDARD ILFEX X-RAY FILMS » CHEMICALS . INTENSIFYING SCREENS 


$ ILFORD INC. 


37 West 65th Street, New York, N.Y. 10023 
In Canada: W. E. Booth Co. Limited, 12 Mercer Street, Toronto 2B 
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A 5l-year-old white female with signs and symptoms of compression of the fifth 
lumbar nerve root. The myelogram using 9 ๓ ๓ of PANTOPAQUE | lophendylate In- 
jection | demonstrated indentation of the dural sac and obliteration of the L; 
nerve root pouch bilaterally at the level of the fourth lumbar interspace. A rup- 
tured disc was found at the time of surgery. 


“PANTOPAQUE” is the registered trademark under which all 
leading x-ray dealers supply the compound ethyl iodophenylundec- 
ylate, which is synthesized by the Research Laboratories of East- 
man Kodak Company and prepared as the myelographic contrast 
medium lophendylate Injection, U.S.P., by Lafayette Pharmacal 
Inc. The trademark serves to indicate to the radiologist continuity 
of experience in the manufacture of this medium. 


Precision 


A 
X ๕ 


A precise rendering of all the key anatomical details— 

free of artifacts and fog— is essential for correct diagnosis. 

Then the radiologist may confidently apply his experience to the 
interpretation . . . sure in the accuracy of the reading. 

This quality of precision is the reason so many radiologists rely on 
Ilford. Experience confirms that Ilford X-ray Films provide the precise 
gradation necessary for the widest possible range of opacities and the 

- consistent high speed essential to reduce risk of involuntary movement. 
l Ilford X-ray materials are crafted in the British tradition 
to the highest scientific standards. 


Available through your regular dealer. 


ILFORD RED SEAL STANDARD ILFEX X-RAY FILMS » CHEMICALS » INTENSIFYING SCREENS 


| ILFORD INC. 


37 West 65th Street, New York, N.Y. 10023 
In Canada: W. E. Booth Co. Limited, 12 Mercer Street, Toronto 2B 








A 5l-year-old white female with signs and symptoms of compression of the fifth 
lumbar nerve root. The myelogram using 9 cc of PANTOPAQUE | lophendylate In- 


jection] demonstrated indentation of the dural sac and obliteration of the Ls 


nerve root pouch bilaterally at the level of the fourth lumbar interspace. A rup- 
tured disc was found at the time of surgery. 


“PANTOPAQUE” is the registered trademark under which all 
leading x-ray dealers supply the compound ethyl iodophenylundec- 
ylate, which is synthesized by the Research Laboratories of East- 
man Kodak Company and prepared as the myelographic contrast 
medium lophendylate Injection, U.S.P., by Lafayette Pharmacal 
Inc. The trademark serves to indicate to the radiologist continuity 
of experience in the manufacture of this medium. 
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|  Fluoricon proves there's more to it than meets the eye! 
What you see here is a remarkable wedding of electronics, 
optical science and radiology. The fluoroscopist with a 
General Electric Fluoricon Image Intensifier enjoys many 
distinctive advantages and conveniences. Not only is 
visual acuity improved, but the entire image is seen 
by both eyes simultaneously. And work can 
be carried out right in room light. Strictest 
quality is assured by start-to-finish G-E 
manufacture — including all optical 

elements and camera. Motion cinefilming 

is carried out as easily as conventional 
fluoroscopy; so radiologists can readily restudy 
sequences before making a diagnosis. There also 
is instantaneous selection of direct viewing and 
cinefilming, or television viewing and cinefilming . . . 
a General Electric exclusive. These advantages 
characterize — but by no means summarize — 

the overall performance of a Fluoricon. For coverage 


in greater depth, please turn to the following page. 


Darecc le Our Macet Imanrkant Praduct 


PERFORMANCE WRAP-UP 


. . . facts on Fluoricon Image Intensification 





Image tube and optics: 


Fluoricon features an exclusive, distortion-free direct 
viewing system, created for it by G-E optical special- 
ists with extensive experience in this category of 
precision design. Optical system delivers bright, vir- 
tually life-size images. You see comfortably, with 
both eyes, thanks to four inch exit pupil . . . won't 
"lose the image" every time you move your head. 

Full viewing brightness is maintained even during 
cine filming — brilliance more than ample for two 
to see simultaneously using beam-splitting dual con- 
sultation mirrors. 


TV system: 


Expressly created for this application by General 
Electric engineers, the Fluoricon TV system delivers 
images of radiographic quality with minimal dosage. 

The vidicon camera housed within the optical hood 
features all-transistorized, ultra-reliable circuits, pro- 
ducing an image of exceptionally high resolution. 

Operation is extremely easy: simply flip a single 
lever to switch from direct to TV viewing. In either 
control attitude, filming is carried out by electrical 
switch action, automatically shifting technic to your 
preselected cine values. And all viewing modes re- 
quire only minimal warmup times. 


Brightness control: 


The automatic brightness control continuously stabi- 
lizes performance for direct viewing, cinefluorography 
and TV. It constantly maintains preselected density 


throughout filming, despite variations in patient thick- 
ness or opacity . . . functions exactly like a built-in 
automatic exposure meter. 


Cinefilming: 


Camera selection includes 35-mm synchronous, 
16-mm synchronous, and 16-mm nonsynchronous 
types. Synchronous oper- 
ation limits radiation to 
1/250th second per frame, 
sufficient to stop motion; 
provides you with an ideal 
cardio-pulmonary tool. 

The camera is mounted 
at eye level — lets you load 
and unload easily with cam- 
era in place. Eliminates any 
need to climb on stool, lad- 
der or table; and simplifies installations in rooms 
with low ceilings. 

Automatic optical compensation: swiveling the hood 
does not alter upright image orientation on cinefilm: 
this allows simultaneous viewing from both sides ol 
the unit during consultations by use of the second 
observer viewer. Control placement also is preplanned 
for rapid easy operation. 





The Fluoricon Image Intensifier can be supplied with 
or added to, most present models of General Electric 
x-ray tables. See your G-E x-ray representative foi 
full details; or write X-Ray Department, Genera 
Electric Co., Milwaukee 1, Wis. 


He Is A 
Specialist Dedicated To 
YOUR X-Ray Needs! 


The STANDARD Franchise Dealer is a local business man, 
established and rooted in his area, taking a just pride in serving you 
and performing his civic duties. He is an integral part of the 

local community and is not subject to transfer out of it on short 
notice. He is dedicated, motivated, oriented and trained to be 
thoroughly qualified as an expert to interpret your individual needs 
and translate them into the kind of X-ray equipment that will serve 
you best, today AND tomorrow! He is personally—and permanently— 
answerable for both the correct installation and the proper 
maintenance of this equipment. His “Johnny-on-the-spot” 
availability and cooperation when you need him for anything 

and everything in his field is unsurpassed—and he spends ALL 

of his time in the X-ray field! STANDARD Dealers are located 


in all principal cities from coast to coast. 


The Standard X-ray Equipment your local Franchise Dealer sells 
and services is made by one of the oldest companies in production of 
X-ray apparatus, established more than a half century ago, 

shortly after the discovery of X-radiation itself. STANDARD 
manufactures a complete line of highest quality X-ray apparatus . . . 
exclusively . .. and has operated continuously under the same 


4 
management since its inception, building an impressive reputation . 
for itself and its products. br 
These products are remarkably low priced due to STANDARD'S ณี! 


unique production methods, low overhead and favorable financial 
framework, making a solid basis for complete confidence on 

your part that your investment in STANDARD equipment means 
sound business judgement. This value is added to your assurance - 
that the Standard X-ray Company and its Dealers will continue 
to render the same unequalled service you have come to 

expect, far into the future! 













* For more than 50 years—in quality, value, service— 
STANDARD is the standard! 
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PHILIPS 
WERE 


. PRODUCE 
WORKABLE 
X-RAY 
EQUIPMENT 


Although it was crude by today’s standards, the world hailed the first 
X-ray equipment, and rightly so. Tremendous advances have been made 
since the early days. Philips are proud to have been responsible for 
many of the important ‘firsts’ in X-ray equipment. Their programme now 
ranges from the very simple to the highly complex installations which 
use X-ray television and cinematography. In the Philips organization these 
advances have developed from the shared ideas of men who work in 
quite different fields of science and technology, for example -- in elec- 
tronics, in the chemistry of glass, in phys. cs and engineering. By work- 
ing together, progress is served in the finest Philips tradition. 


PHILIPS PH i Li PS in the service of the medical world 
G 


X-ray equipment for diagnosis and therapy X-ray tubes and X-ray accessories Dental equipment 
Electromedical and general hospital equipment Radiation measuring equipment Darkroom equipment 


SPECIALITIES: Image Intensification - Cineradiographic installations + X-ray television 


For further information please apply to the Philips organisa:ion in your Country. Sold in U.S.A. by: 
North American Philips Company, Inc., Medical & Dental Division, 525, West 52nd Street, New York 19, N.Y. 
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a complete 100-channel analysis 


— — AUTO.’ CONTROL 


PROGRAM CYCLE 
MULTI 
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automatically — in a fraction of the time 
required by a scanning spectrometer 


with the 


GAMMASCOPE* 


PULSE HEIGHT ANALYZER 
$5990 


including digital printer 





The Gammascope provides extremely 
fast and accurate analysis of whole 
body counts, thyroid uptake studies 
and virtually all other medical and 
biological applications of nuclear 
radiation. Yet the price of the Gamma- 
scope, including a digital printer, is 
comparable to that of most single- 
channel scanning spectrometers. 


After initial set-up and calibration the 
Gammascope will automatically ac- 
cumulate 100 channels of data — no 
manual or electrical scanners are 
needed. The entire analysis operation 
takes a small fraction of the time that 
would be required by a single-channel 
spectrometer. 


The build-up of a radiation energy 
spectrum in the magnetic core memory 
may be observed on the built-in cath- 
ode ray tube display. After accumula- 
tion is complete, stored data is read 
out in digital form — far more accu- 
rately than an analog plot made with a 
strip chart recorder. 


The Gammascope combines both 
single and multi-channel capabilities, 
A variable "window" (restricted energy 
range) permits selection of any area of 
the spectrum, for intensification and 
study. The primary energy peak can be 
isolated for count summation by an 
auxiliary scaler. 


All the circuits including high voltage 
supply, linear amplifier, preset live 
timer, live time meter, add/subtract 
logic and static or dynamic display are 
built into the single, highly portable 
unit. This essentially replaces an entire 
rack of equipment that would make up 
a complete single-channel scanning 
spectrometer. 


Complete operating data and applica- 
tions information are available from 
local TMC offices or from Technical 
Measurement Corporation, 441 Wash- 
ington Avenue, North Haven, Connecti- 
cut. 203 239-2501. 
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TECHNICAL MEASUREMENT CORPORATION 


HYTRAST (iopydone, iopydol) gives an 
interpretive third dimension to broncho- 
grams by combining higher radiopacity 
with a remarkably uniform adherence 
to mucosa. This double contrast effect— 
air plus medium — clearly traces the 
mucosa of every bronchial segment for 
more accurate and dependable diagnosis 
of bronchial lesions. 


HYTRAST (iopydone, iopydol) is an aque- 
ous suspension that offers an unusual 
degree of contrast by virtue of its high 
iodine content. In addition to providing 
sharper, clearer images of bronchial seg- 
ments, it is miscible with bronchial se- 
cretions, yet its optimal viscosity gives 
the operator control of flow . . . so ad- 
herent to bronchial mucosa that cough- 
ing rarely produces alveolarization. 
Eliminated from the lungs by postural 
drainage and absorption; lung fields are 
normally clear to x-ray examination in 
2 to 7 days. 

HYTRAST (iopydone, iopydol) appears to 
be slightly more irritating to bronchial 
mucosa than oily media, but less so than 
other previously used aqueous prepara- 
tions. A self-limiting temperature ele- 
vation may be noted particularly where 
alveolarization inadvertently ensues and 
elimination is delayed. The rare occur- 
rence of mild bronchospasm, transient 
pneumonic infiltration, and atelectasis 
has been observed. Thyroid function 
tests, such as PBI determination or 
thyroid uptake studies, etc. should be 
carried out prior to the examination. 
Bronchography should be approached 
with caution in the markedly debilitated 
patient. 


Similar to other bronchographic contrast 
media, bronchography with the use of 
HYTRAST (iopydone, iopydol) is contra- 
indicated in: markedly diminished pul- 
monary function; heart failure; condi- 
tions associated with high fever; acute 
pneumonia; acute asthmatic attacks; 
rare existence of iodine sensitivity; mas- 
sive pulmonary hemorrhage. Supplied 
in 25 ml. vials containing 20 ml. sterile 
aqueous suspension: 5095 w/v of com- 
bined iodine as a mixture of N (2,3- 
propyldiol) —3,5 diiodopyridone—4 and 
3,9 diiodopyridone—4. Consult the prod- 
uct brochure for complete information 
on administration. 
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instantly "on call” 


Eminently practical way to view (and review) 
droves of radiographs in brisk, orderly fashion. 
saves time: comes up with the wanted film (or 
series) in seconds. Saves space: offers viewing 
capacity equal to twenty banked four-film 
illuminators in only 1614 sq. ft. floor coverage. 


Magazine in base stores ten carriers (each holding 
eight 14" x 17" viewing panels). Switch operated 
motor-drive programmer automatically lowers the 
unwanted carrier, lifts the selected one into the 
lightbox ready for viewing. Fine, even lighting 

with instant-start fluorescent tubes. 


Ask your local Picker man for details, or write 
Picker X-Ray Corporation, 
White Plains, New York. 








Film carriers are identified on a title- 
slip indexing rack. Key switch pre- 
cludes unauthorized operation. 
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Great idea for space-saving 
consultation and group study. 
Virtually a "must" for 
training institutions. 








the ideal product for air contrast colon studies, because... 


Excellence of mucosal coating — continuous and non-segmenting. 
Non-flocculating, even on ''post-evac." r 

Coating does not tend to dry, crack or peel after repeated evacuations 
or prolonged examination. In 10, 50, 100 and 250 ib. containers. 


Professional sample supply available on request 


ELL-- “1G, IN- . 5 
| E : E NEW YORK 1 





New one-factor selection 
frees technician to 
concentrate on patient 


kV is the only factor your technician is 
required to select. Once that is done, she 
presses the exposure button and the auto- 
matic system does the rest. 

Proper density is guaranteed by the 
Amplimat, the automatic ionization-type 


several selectable areas. To ensure positive 
positioning, the lightbeam indicator projects 
the location of the measuring areas on the 
patient. Just as in the case of the moderr 
camera, automatic exposure with Ampl ma 
pays off in consistent production of opti. 





Only Norelco offers this system, 
which provides flawless 
radiographs automatically 


automatic line correction and by the essen- 
tially constant voltage output characteristic 
of a 3-phase generator. 

Sharpness is increased by the ‘continu- 
ously falling tube-load principle’, which per- 
mits shortest possible exposure time with 
maximum available tube loading. Optimum 


MANUFACTURED FOR NORELCO BY PHILIPS MULLER MEDI 


of the high load characteristic and small 
focal spot sizes of the Super Rotalix tube. 

Our systems engineers are available, at 
your convenience, to discuss this system. 

North American Philips Company, Ine., 
Medical Division, 100 East 42nd Street, 
New York, New York 10017. In the Chicago 
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It is significant that over the past five years 
more than a score of impcrtant hospitals 
from coast to coast have installed Siemens 
three phase x-ray equipment. In order that 
you may obtain first hand adeauate testi- 
mony to the advantages of this equipment, 


a list of installations is available on request. 





SIEMENS 


SIEMENS MEDICAL OF AMERICA INC., 685 Liberty Avenue, Union, N.J. 


PICNEERS IN THE DEVELOPMENT OF 3-PHASE X-RAY EQUIPMENT 
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IT A A N ETE TO THE FUTURE 


ATOMIC ENERGY OF CANADA LIMITED 


Commercial Products » P.O. Box 93 » Ottawa « Canada 





SALES AND SERVICE REPRESENTATION IN OVER ONE HUNDRED COUNTRIES. 64-1M 
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. Duke University Hospital, Durham, N.C. 





s u i p n p a a 
| new concept in image intensification... 
PROVIDING EXTREMELY HIGH CONTRAST RESPONSE AND RESOLUTI 


๑ Interchangeable screen e Inexpensive upkeep guaranteed 
e Small light intensifier tube e Engineered to absorb new developments economic 


๑ Standard type Image Orthicon Tube ๑ Electron-optical magnification and other features 


Accessory Elect di f ; ; 100 
NAM " ectrocardioscope for superimposing mm 
equipments — E.K.G. onto the film 
available ง 


Spot Film Camera 


or more information contact your local X-Ray supply house or: 


MEDICAL MARKETING DIVISION 


AEROJET DELFT 
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Skyline Drive, Engineers Hill, Pla 
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Odelea P-F Cameras and Accessor 


B A R OT R A ST is unaffected by changes in pH: no 


(Barium Sulfate U.S.P. in specially micronized form) precipitation or clumping. Delinea- 
tion of the rugae of the stomach is extremely good, and the stomach wall 


is covered so that no portion is left uncoated. 


Wi Passes from the stomach to the duodenum in a smooth flow through the 


yloric sphincter. The duodenal cap is completely delineated to illustrate 














a product of 
BARNES-HIND 
BARIUM PRODUCTS 





Div. of 
Barnes-Hind 
Pharmaceuticals, li: 





895 Kifer Road 
Sunnyvale, Calitorr 
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TYPE N for use with intensifying screens 
Speed: fast 

Contrast: good 

Grain: normal 

Base: blue, safety 


Type N film is faster than the most widely used 
medical X-ray film in the United States—and it costs 
less. This film is available with square corners in 
boxes of 25 or 75 interleaved sheets. For rounded 
corners, and extra savings on economical Ferrania 
prices, order Type N ín bulk packages of 300-sheet 
interleaved, or 500-sheet non-interleaved films. 
Bulk-packed Type N film is specially designed for 
processing in all automatic developing units. 


SIMPLEX non-screen for use with direct X-rays 
Speed: very fast 

Contrast: good 

Grain: fine 

Base: blue, safety 

No cassette is needed with Simplex film—each 
sheet is sealed in a lightproof exposure envelope 
for radiography of limbs and extremities. Con- 
venient guide lines divide the upper surface of the 
envelope permitting accurate masking of the film 
into four separate exposure areas. 25 Simplex ex- 
posure envelopes are packaged per box. 


GAMMA for ultra fine tissue work 

Speed: slow 

Contrast: extremely high 

Grain: extremely fine 

Base: blue, safety 

This new Ferrania film brings unprecedented detail 
to mammography and other ultra-fine tissue radio- 
graphy. Gamma film is compatible with all standard 
developing systems, and is packed 25 exposure 
envelopes per box. 


IC. for very fine tissue work 

Speed: medium 

Contrast: high 

Grain: very fine 

Base: blue, safety 

!C2, slightly faster than Gamma film, permits addi- 
tional savings for mammography and similar fine 
tissue work when the maximum requisites are high 
contrast and very fine grain. {tis packed 25 exposure 
envelopes per box.. 


K2A and X3V for photofluorography 

Speed: fast 

Contrast: high 

Grain: fine 

Base: blue, safely 

Ferrania films for photofluorography record all de- 
tails of the smallest structures. X2A is highly 
sensitive to blue and violet light, and is used with 
blue fluoréscing screens. X3V is orthochromatic, 
and is used with yellow-green fluorescing screens. 
Both films are available in 100- or 550-ft. rolls of 
70mm-wide film, wound emulsion side in on cores. 


DIBECT POSITIVE for fast reproduction 


Speed: medium 

Contrast: excellent 

Grain: fine 

Base: clear, safely 

The special, clear safety base of this film permits an 
exceptional reproduction of any radiograph. None 
of the definition or contrast of the original will be 
lost. In fact, this film can actually be used to im- 
prove these factors. Direct positive film does not 
utilize intermediate copies and makes reproduc- 
tions in as little as two minutes. It is packed in 
boxes of 25 interleaved sheets. 


Seven ferrania 
X-ray film 
your needs for 

quality radiographs 





Ferrania offers substantial savings on excellent 
medical X-ray films for all diagnostic applica- 
tions. Name your requirement—screen or non- 
screen radiographs, fine tissue work, or photo- 
fluorography. Ferraniahas sixfilms of unmatched 
quality to fill these needs. The seventh, a high- 
contrast, direct positive film, reproduces even 
the finest details of a radiograph. Ferrania- 
formula chemicals, in addition, guarantee that 
the high contrast and clarity of Ferrania films 
will be retained during processing. 


Every sheet and roll of film meets Ferrania's 
exacting standards of performance. This is true 
for the film vou buy today, next month, or next 
year. Such consistency is theresult of Ferrania's 
exacting quality control! program— one that has 
supplied films of premium quality to the world 
for more than 35 years. 


Tofind out more about Ferrania quality, test it. 
A request to Cenco X-Ray brings a test quantity 
of film (any of the seven types) and a catalog 
from your local Ferrania dealer. Also included: a 
copy of Radiographica, a technical journal of 
X-ray diagnosis published as a service by 
Ferrania. CXR-A-212 


U.S. DISTRIBUTOR OF 


ferrania 


RADIOGRAPHIC MATERIALS 
a division of Cenco Instruments Corporation 


1700 Irving Park Road * Chicago, Illinois 60613 


Sales offices and warehouses: 
Jamaica, N. Y., Chicago, HL, and Santa Clara, Cal. 





easier, faster 
body-section 
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7 films at a single exposure 


Halsey Multi-Sette 


Can be installed in the Bucky housing 
without interfering with conventional 


ps 


Bucky use [ ] Provides l-cm spacing 
between films — with comparable den- 
sity and detail in all seven films. 
Precision built; polished stainless 
steel frame, aluminum door, magne- 
sium front [ ] Opens and closes easily 
FT Can be used with x-ray tables made 
by any major manufacturer [C] Available 


with or without screen book. 

















3 or 5 films at a single exposure 


Halsey Multi-Sette Jr. 


Similar to the 7-film Multi-Sette, but is designed 
to fit the conventional Bucky, using the special 
tray supplied. 
The 5-film model has Y2-cm spacing between 
films; the 3-film model, 1-cm spacing. 
Available with or without screen book. 
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NEW-HALSEY PLESIOSETTE 


A new cassette for plesiosectional tomography. 
One exposure produces four films at approximately 


Through your dealer 
Write for detailed literature 1-mm level differences, through use of four pairs of 


matched screens with different speeds. Available 
in8x 10" and 10 x 12" sizes. 





HALSEY X-RAY PRODUCTS, 
1425-37th Street, Brooklyn 18, N. Y. 


* 














Film 
Feeding 
Station 


What do you Inm 
expect of the 

KODAK X-OMAT 
Processing 
System ? 





Dryer and 
Receiving Bin 


Here’s what it delivers— The Kopak X-Owar Processing Sys- 

tem is the result of Kodak's long and 

wide experience in film-making and film- 

processing chemistry, film-processing mechanics 

Improved service to referring physicians and patients — and film-drying procedure. It's an interesting fact that 

Smoother x-ray department operation more than 400,000,000 radiographs have been proc- 
essed by the Kopax X-Omar Processing System. 


1. Reliable around-the-clock medical 
x-ray film processing that means 


Increased efficiency in the department 


Increased patient-load capacity | | 
an * p» | — 
Fast service for any emergency NOW-—AUTOMATIC 
$ ; - | FILM-FEEDING ACCESSORY 
Film-processing capacity to meet expanding needs l Nu 
i . . : Kopak &-Omar Film Feeder 
Processing of uniformly excellent qualitv for Models M4A, M4, and M3 
) . f . . Processors available. : 
2. Design that fits the requirements of radiological ร ลา ร นา f | 
เพ ล d NEC L SAVES TIME-- In offices | 
practice in private office, clinic or hospital as to | | : 
i or departments not needing | 
TIME —processing cycle, 7 minutes full-time processor operators, | 
is technicians can be making radiographs while 
than half the floor area of ล hospital previouslv exposed films are being processed. | 
€ ^ of 2l Tc ON 1 ^ -3 น “0 y + , 
2. INCREASES EFFICIENCY —Full-uüme processor | 
^ ; wy" z $ : : $ M 
CAPACITY —115 sheets of film per hour (inter- operators can handle other duties while films of | 
mixed sheet-film sizes) several patients are being processed, | 
| | 
| 





raa metr 


3. Service at any time 
You can depend on your Kopar X-OMar Processor a get a facts and “ call a Kopak X-Omat 
dealer for installation, parts, and service because his rocessor dealer or write for brochure. 
men have been trained at the Kopak X-Owar EASTMAN KODAK COMPANY 
Center in Rochester, N. Y. X-OMAT Processor Center, Rochester, N. Y. 14650 


Manufactured in Flavored 
and Unflavored, in 10, 25, 
and 100 pound drums, also 


in 20 individual dose 
packages of flavored only. 





CASTROPAQUE, is an 
Easy-to-Take Barium Meal 


During the year 1963, GASTROPAQUE 
was administered to more than one and 
one-half million patients in the United States 
and foreign countries. ‘This phenominal 
record has been the result of our ส 
efforts to keep the quality up น น 
and the price down; your con- Kaown the 
tinued assistance will be greatly 
appreciated. 





BUCK X-OGRAPH COMPANY ST. LOUIS 36, MO. 


* X-Ray accessories for those who demand quality x 
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y coming events will cast their shadows 






The need for gallbladder surgery, for example. Better contrast visualization, of course means 
more precise diagnosis — the reason why well-tolerated Telepaque (brand of iopanoic acid) 
has so firmly established itself in oral cholecystography and cholangiography. Telepaque not 
only provides gallbladder shadows with better contrast, and improved visualization of the 
ducts, but it does so without disturbing gallbladder physiology. Convenient and economical, too. 







Side effects, which are usually mild, include nausea, vomiting, diarrhea, dysuria. Contraindica- 
tions are acute nephritis and uremia, and gastrointestinal disorders which prevent absorption 
of the medium. 


Usual Dosage: 3 Gm. (6 tablets) at night after a light supper. Tablets of 500 mg., envelopes of 
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In x-ray equipment, too: 






The cost of buying x-ray 
equipment 1s hardly a true 
measure of its value. During 
its lifetime you must depend 
on it as a working partner. If 
its not capable of meeting the 
most rigid operating schedule; 
if it requires excessive mainte- 
nance and servicing, you have 
not made a good investment. 

Quality equipment, like that 
bearing the General Electric 


GENERAL 


name, is by far your most 
economical purchase. From a 
footswitch to an x-ray trans- 
former or a radiographic tube, 
the standards of quality main- 
tained in manufacturing pro- 
vide the assurance of longer 
life and reliable performance. 
It's equipment that will “wear 
well” with you, because you 
will experience the satisfac- 
tion that true value brings. 
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Geleans, La. No other single text 
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CONGENITAL ABNORMALITIES OF THE 
PULMONARY ARTERIES* 
By EDWARD B. SINGLETON, M.D., ROBERT D. LEACHMAN, M.D., 


and HARVEY S. ROSENBERG, M.D. 
HOUSTON, TEXAS 


DENTIFICATION of both congenital 

and acquired abnormalitiesof the thorac- 
ic aorta has been possible for many years, 
even before aortography became a common 
procedure. With the advances in vascular 
surgery, it became necessary to demon- 
strate aortic lesions more accurately and 
this led to improved methods of opacifying 
the aorta and recording its Image on roent- 
genographic film. Consequently, both con- 
genital and acquired lesions of the aorta 
are now safely and accurately recognized, 
and their surgical correction is standard 
procedure in most institutions. 

Abnormalities of the pulmonary artery 
and its branches are less well known, but in 
many instances are as Important as those of 
the aorta. In those institutions where con- 
genital heart diseases are investigated, 
anomalies of the pulmonary arteries are 
now recognized more frequently both by 
cardiac catheterization and by radiologic 
methods. Many of these defects are clini- 
cally significant and surgically correctable. 
Others are insignificant, but anatomically 


interesting, and others offer information 
regarding the physiology of the pulmonary 
circulation. 

The following classification of pulmonary 
artery anomalies has been derived from 
cases seen at the Texas Children's Hospital 
during the past 8 years. This list excludes 
anomalies proximal to the pulmonary 
valve, #.¢., those complexes of transposition 
of the great vessels and anomalies of rota- 
tion of spiral septation of the truncus 
arteriosus. 


I. Abnormalities of the undivided pulmo- 

nary artery 

I. Pulmonary valvular stenosis 

2. Supravalvular pulmonary artery 
stenosis 

3. Idiopathic dilatation of the pulmo- 
nary artery 

4. Pulmonary valvular insufficiency 

5$. Coronary artery arising from pul- 
monary artery 


IJ. Abnormalities of the pulmonary arteries 
I. Pulmonary artery atresia and hypo- 
plasia 


* From the Departments of Radiology, Cardiology and Pathology, Texas Children’s Hospital, Houston, Texas. 
Presented at the Sixty-fourth Annual Meeting of the American Roentgen Ray Society, Montreal, Quebec, Canada, October 8-11. 
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Diagram of branchial arches of 12 day olc 


Fic. 1. | 
embryo. Arabic numbers refer to the aortic 
arches and Roman numerals refer to branchial 
clefts. V-ventral aortic bud; D-dorsal aorta; L- 
lung bud; 4th aortic arch (left)-future aortic arch; 
6th aortic arch«miin pulmonary arteries, 


. Pulmonary artery branch stenoses 
3, Retrotracheal left pulmonary artery 
4. Anomalous origin of the pulmonary 
arteries 
III. Abnormalities of the pulmonary vascu- 
lar bed 
f, Pulmonary arteriovenous fistula 
2. Pulmonary arterial sclerosis 
Medial hypertrophy 
b. Intimal sclerosis 
C. Arteritis 
3. Pulmonary telangiectasia 


be 


EMBRYOLOGY 


An understanding of the embryology in- 
volved in the formation of the pulmonary 
vascular system is not only necessary for a 
complete evaluation of these abnormalities 
but also adds an enthusiastic appreciation 
of their recognition. 

The definitive formation of the pul. 





Marcu, 1964 


monary arteries is accomplished through a 
series of events which seem to re ]uire more 
than the usual degree of embrvologic com- 
plexity (Fig. 1). Itis agreed that the proxi- 
mal portions of the pulmonary ' arteries arise 
from the ventral portions of the sixth aortic 
arches, and the dorsal portion persists as 
the ductus arteriosus, most commonly on 
the lett, but occasionallv on the right or bi- 
laterally. The sixth arch forms by the 
fusion of buds from each of the paired dor- 
oH aortae RE ไน buds from the ven- 


PUN union Is not e to end but end io a. 
leaving caudal outpouchings which ulti- 
mately become the pulmonary branches. At 
the same time, the lung bud develops as a 
ventral outpouching of the foregut and 
carries with it, from the paired dorsal aor- 
tae, a vascular plexus which Huntington 
called the postbranchial pulmonary plexus. 
Huntington described the complete torma- 
tion of the sixth arch prior to its union with 
the postbranchial plexus. Bremer? indicates 
that the pulmonary arterial branches arise 
first as a capillary network, with the main 
channels defined at a later time. According 
to Coulter,’ the main pulmonary arteries 
develop from the middle of the completed 
sixth arch. Coulter and Huntington both 
indicate that the ventral buds of the sixth 
arch originate either very near the origin of 
the fourth arch from the ventral aortic sac, 
or from the fourth arch itself. 

From these considerations and an exami- 
nation of Figure 1 (a reconstruction of the 
primitive arch system), one can readilv see 
that it is almost miraculous that the pul- 
monary arteries develop with uniformity. It 
is easy to speculate that branch atresia of 
the main pulmonary arteries could result 
from a rudimentary bud from the sixth 
aortic arch. Multiple peripheral pulmonary 
artery branch stenoses would have to be 
explained as a failure of normal channel 
development in the postbranchial plexus. 
Bronchial arteries develop from the dorsal 
aortae and the postbranchial plexus and 
may exist as normal channels or as large col- 
lateral vessels or be the only blood supply 
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Abnormalities of Pulmonary Arteries 


Fic. 2. Pulmonary valvular stenosis in a 7 year old boy. (4) Posteroanterior chest roentgenogram shows heart 
of normal size with dilated pulmonary artery segment. (B) Lateral angiocardiogram shows convex stenotic 
pulmonary valve with jet of contrast material distal to the valve. 


to the lung. The pulmonarv arteries will 
have an ectopic origin if the sixth arch buds 
fail to fuse or if the ventral segment atro- 
phies and the pulmonary buds remain con- 
nected to the dorsal segment. In these cases 
the pulmonary arteries are usually long and 
arise from either the aortic arch or from the 


subclavian artery due to the proximity of 


the origin of the dorsal bud of the sixth 
arch to those of the fourth arch. This tvpe 
of pulmonary arterial arrangement mav be 
unilateral with a normal pulmonary artery 
supplving the contralateral side or bilateral 
in an unusual form of pseudotruncus ar- 
teriosus. In the following discussion of pul- 
monary artery abnormalities, reference 
should be made to the embryonic develop- 
ment described above. 


1 ABNORMALITIES OF THE UNDIVIDED 
PULMONARY ARTERY 
PULMONARY VALVULAR STENOSIS 
Pulmonary valvular stenosis with an in- 
tact ventricular septum is a common form 
of congenital heart disease characterized by 


fusion of the pulmonary valve leaflets with 
resulting stenosis. Patients with this mal- 
ady may be asymptomatic or may have 
varying degrees of exercise intolerance de- 
pending upon the severity of the stenosis. 
Cardiac catheterization demonstrates the 
increased right ventricular pressure with a 
normal or reduced pulmonary arterial 
pressure. The severity of the stenosis is 
proportional to the svstolic pressure gradi- 
ent existing between the right ventricle and 
the pulmonary arterv. 

The characteristic roentgenographic find- 
ings are a prominent undivided pulmonary 
artery segment, the result of poststenotic 
dilaration, and an over-all heart size which 
is essentially normal (Fig. 2, 7 and B). The 
pulmonary vascularity is usually normal al- 
though mav occasionally appear dimin- 
ished, especially if there is an associated 
atrial septal defect. Angiocardiograms will 
demonstrate the stenotic pulmonary valve, 
which characteristically shows a persistent 
distal convexity, as well as a jet of contrast 
material passing into the poststenotic di- 
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hic, 3. Supravalvular pulmonary artery stenosis in 


a 2 year old boy, Lateral angiocardiogram shows 
suprav alvular stenosis (arrow), as well as valvular 
stenosis, 


lated segment. The width of the jet of con- 


trast material entering the pulmonary ar- 


tery is an index of the size of the valve ori- 


fice, 
Idiopathic dilatation of the pulmonary 


artery and corrected transposition of the 


great vessels, in which the ascending limb 
of the aorta occupies the region normally 
for ds by the pon artery "s may be 
tures of B validar ee, but 
clinical data, cardiac catheterization find. 
ings and angiocardiographie evidence will 
serve to differentiate these conditions. 


SUPRAVALVULAR PULMONARY ARTERY STENOSIS 


A few patients with stenosis of the main 
trunk of the pulmonary artery have been 
described, but isolated coarctation of the 
undivided portion of the pulmonary artery 
is extremely rare and when encountered 
may be associated with pulmonary valvular 
stenosis. 5 Since the sixth aortic arch does 
not contribute to the undivided or most 
proximal portion of the pulmonary artery 

stenosis of the supr avalvular tvpe must be 


D. Leachman and H. 
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due to anomalous septation of the truncus 


arteriosus near the point of origin of the 
sixth aortic arch in the region of the ventri 
acrtic sac. The combination of supravalvu- 
lar stenosis with associated congenita 
peripheral stenoses of the pulmonary ar- 
teries is more common than supravalvular 
stenosis alone, and has been described by 
Kjellberg ef a/.," and Gvilensward and his 
co-workers.’ If the pulmonary artery con- 
striction is severe, clinical and physical 
findings similar to pulmonary valvular 
stenosis will be present. In milder forms the 
condition is asymptomatic and identified 
only if cardiac catheterization and angio- 
cardiography are performed for the investi- 
gation of a murmur. 

The roentgenographic findings may be 
within normal limits and pulmonary vaseu- 
larity is usually also normal. Only by angio- 

cardiography can the stenotic pulmonary 
artery be identified (Fig. 3). 


LE 


IDIOPATHIC DILATATION OF PHE PULMONARY ARTERY 


pulmonary 
in. which 


Idiopathic dilatation of the 
artery is a benign abnormality 
cardiac function is unimpaired’ A pulmo- 
nary systole ejection murmur is usually 
present, often accompanied by an ejection 
click, and is the usual reason for cardiac 
evaluation in these patients. The electro- 
cardiogram is usually normal although fre 
quently -right bundle branch block is pres- 
ent. Theri ight ventricular pressure is found 
to be normal and there is a slight decrease in 
the systolic pressure as the catheter enters 
the dilated pulmonary artery segment. 

Roentgenographic examination of the 
heart shows the over-all heart size to be 
norm al Ens ane ur uu 
ds A o n. The pu urs ar tery ae ie 
markedly convex but the degree of promi- 
nence is not strikingly abnormal in many 
individuals. This abnormality is rarely en- 
countered prior to 4 years of age and its 
oa remains enigmat] Ic. l 15 Me 
tion of me structure of ais ee ar- 
terial wall; however, microscopic examina- 
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tion of sections taken from such deformed 
vessels shows normal elastic tissue and no 
evidence of cystic necrosis except in those 
i Nlarfan's svn- 
drome. It is pm 1 that these dilated 
vessels. could result from hemodynamic 
factors. The age distribution would suggest 
that it is an acquired disorder. 
PULMONARY VALVULAR INSUFFICIENCY 
Marked dilatation of the pulmonary ar- 

tery and its primary branches may occur in 
pulmonary valvular insufficiency. with as- 
sociated ventricular septal defect and over- 
riding of the aortic root. These hearts are 
anatomically similar to cases of tetralogy of 
Fallot except for the presence of insuff- 
ciency of the pulmonary valve in addition 
to stenosis. The valve ring is usually quite 
small and there is infundibular stenosis fre- 

quently. The heart is slightly enlarged and 
the pulmonary artery segment is prom- 
inent. The right and left branches are 
also dilated but the lobar and segmental 
branches appear diminutive, especially on 
angiocardiograms (Fig. 5$). The over-all ap- 
pearance is highly suggestive of pulmonary 
hypertension with secondary dilatation of 
the pulmonary artery, but there is no sig- 

nificant elevation of the pulmonary artery 

pressure. Presumably, the dilatation of the 
pulmonary artery and its major branches 
in cases of pulmonary valvular insufficiency 
is the result of the large stroke volume. The 
clinical findings are quite similar to those in 
Fallots tetralogy: cyanosis, squatting, 
dyspnea, electrocardiographic findings of 
right ve a and 4 Sys. 


ud or area. T hére is in 
however, a prominent early diastolic mur- 
mur of the semilunar valvular insufficiency 
tvpe. 


ANOMALOUS ORIGIN OF THE CORONARY FROM 


THE PULMONARY ARTERY 


ARTERY 


Although the left or right coronary ar- 
tery or both may arise anomalously from 
the pulmonary artery, the anomalous ori- 
gin of the left coronary artery is much more 
common than the right. This condition is 


Abnormalities of Pulmonary Arteries 
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hic. 4. Kiopathic dilatation of the pulmonary artery 
in a 15 vear old girl. (4) Posteroanterior chest 
roentgenogram shows di e dilatation of the un- 
aged pulmonary artery segment. = 


Ps dilated ae len. 


being recognized with increased frequency 
during lite and should be suspected in the 
infant who shows evidence of myocardial 
infarction. The initial clinical findings of 
these patients are most often irritability, 
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Fic. g. Pulmonary valvular insufficiency in a 6 year 


dilata- 
artery 
lobar 


old girl. Angiocardiogram shows marked 
tion of the right and left pulmonary 
branches with abrupt tapering of the 
branches. 


sweating, pallor and occasionally cyanosis. 
Presumably x irritability and apparent 
discomfort are manifestations of angina 
pectoris. จ heart failure ulti- 
mately dev elops and is frequently. associ- 
ated with respiratory infection. Approxi- 
mately two-thirds of the patients with an 
anomalous coronary artery arising from 
the pulmonary artery die during the first 
vear of life. Of those who survive, some are 
unaffected while others die from coronary 
insufficiency early in adult life. The myo- 
cardial ischemia has been explained by the 
low oxygen content of the venous blood 
from the pulmonary artery and the result- 
ing low perfusion pressure of the anoma- 
lous coronary arterioles. However, a more 
acceptable theory proposes that an arterio- 
venous shunt is established between the 
two coronary arteries with the resulting 
passage of the arterial blood from the 
aorta-fed coronary artery to the myocar- 
dium and returning to the pulmonary ar- 
tery by the anomalous coronary vessel. 
Perfusion studies performed during post- 
morten examination suggest that the pas- 
sage of blood is from the myocardium into 
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the anomalous coronary arterv with drain. 
age into the pulmonary artery Conse- 
quently, the direction of blood ow in these 
cases 1S Toa the myocardium through the 
left coronary artery into the pulmonary 
artery. Surgical ligation has been proposec 
as the treatment of choice consequent to 
these studies. 
The coronary arteries arise as small endo- 
thelial buds from the dorsal aorta anc 
rapidly grow over the myocardium, Ac- 
cording to Grant,” they develop on either 
side of the dorsal aortic endocardial cushior 
at about the same time ae of the 
trancus arteriosus is forming. The trunco- 
conal ridge which ee 2 aorta and 
pulmonary artery normally forms anterior 
to the coronary buds. If the coronary ar- 
terial buds arise more anteriorly or if septa- 
tion is displaced more posteriorly, one or 
beth coronary vessels arise from the pul- 
monary artery, 
Chest roentgenography as a rule shows 
cardiac enlargement, the lett ventricle be- 
ing the prec lominant chamber. The left 
atrium is also frequently dilated and the 
over-all roentgenographic appearance is 
verv similar to that seen in infants with 
aortic stenosis or endocardial fibroelastosis, 
and, in. fact, endocardial thickening. and 
distortion of the mitral valve are commonly 
associated findings. Retrograde  aortog- 





Mig. 6. Ectopic coronary artery in a 6 year old boy. 
Cineangiocardiogram shows the left coronary ar- 
terv arising from the pulmonary artery. (arrow). 
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raphy will reveal the absence of the nor- 
mal left coronary artery which may be 
opacihed by selective into the pul- 
monary artery (Fig. 6). 


IL ABNORMALITIES OF THE 
ARTERIES 


PULMONARY 


APLASIA AND HYPOPLASIA OF ONE 
PULMONARY ARTERY 


The identification of a hvpoplastic or 
aplastic pulmonary artery is usually made 
at the time of investigation of suspected 
hvpoplasia of the lung. The patients are 
frequently asymptomatic although exer- 
tional dyspnea mav be present. Unilateral 
absence of a pulmonary artery may occur 
as an isolated detect or in combination with 
other cardiac or vascular abnormalities.’ 
There is a high incidence of pulmonary hy- 
pertension in those patients with intra- 
cardiac shunts and congenital unilateral 
absence of a pulmonary artery." Unilateral 
absence of one pulmonary artery is also fre- 
quently associated with tetralogy of Fallot. 

Chest roentgenograms usually provide 
pr esumptive evidence of either pulmonary 
agenesis or hypoplasia. In the former condi- 
tion, there is complete opacification of the 
involved side with shift of mediastinal 
structures to the affected hemithorax and 
with narrowing of the intercostal spaces on 
the attected side. The over-all appearance 
is identical to atelectasis of the lung. Com- 
pensatory emphysema of the opposite lung 
is invariably present. In cases of alveolar 
hypoplasia the findings are similar, but 
there is aerated lung identified. on the 
affected side. The appearance of the chest 
mav be confused with congenital lobar em- 
physema, and fluoroscopy may be of value 
in the differentiation. The emphysematous 
lung of congenital lobar emphysema does 
not deflate with expiration, whereas com- 
pensatory emphysema ot the normal lung 
in patients with alveolar hypoplasia will 
not remain overinflated during expiration. 
In addition, infants with congenital lobar 
emphysema frequently have severe dysp- 
nea, whereas infants with alveolar hypo- 
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FIG. 
GT) Anteroposterior chest roentgenogram s D 
shift of mediastinal structures to the right with : 
small right hemithorax and compensatory em- 
physema of the left lung. (B) Cineangiocardio- 
gram shows increased vascularity of the left lung 
with small hypoplastic right pulmonary artery. 


7. Pulmonary hypoplasia in a 2 vear old boy. 


plasia are usually asymptomatic. Duplica- 
tion of the diaphragm mav also simulate 
alveolar hypoplasia, but in all of these con- 
ditions angiocardiographv will determine if 
the pulmonarv artery to the e side is 
absent or hypoplastic!’ (Fig. 7, 7 and 5). 

In severe hypoplasia, compensatory dilata- 
tion of the pulmonary arteries on the op- 
posite side may be striking. Bronchoscopy 
and bronchograms are usually unnecessary, 
uninformative and dangerous. 
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hig. 8. Pulmonary artery branch stenoses. LD Lo- 
calized stenosis at origin of right main pulmonary 


1 
artery in a 3 year old. boy. (5) Bilateral pul- 
monary artery stenoses with poststenotic dilata- 
tion of the lobar branches in a 2 year oid boy. 


PULMONARY ARTERY BRANCH STENOSES 


stenotic lesions of the pulmonary arteries 
distal to the pulmonary valve, although 
rare, are being recognized more frequently 
with the increased usage of angiocardiog- 
raphy.” Gav ef al’ have reported in detail 
the clinical and roentgenologic findings of 
the various types of pu lmonary artery ste- 
noses. Peripheral pulmonary artery stenoses 
mav consist of (1) single, and multiple ste- 
noses of lobar, segmental, or subsegmental 
sized arteries usually with poststenotic di- 
latation; (2) stenosis of one or both main 
branches of the pulmonary artery also with 
poststenotic dilatation; and (3) supravalvu- 
lar stenosis of the pulmonary trunk. The 
mild forms of the condition usually remain 
unrecognized unless cardiac catheterization 
or angiocardiography is performed to evalu- 
ate an unexplained heart murmur. Severe 
cases may present confusing clinical mani- 
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festations, and other congenital lesions of 
the heart are frequently present. Ausculta- 
tion reveals systolic murmurs in atypica’ 
locations and occasionally svstolic anc 
diastolic murmurs which mav simulate 
acrtic valvular stenosis or patent ductus 
arteriosus. Most often a systolic ejection 
murmur of long duration may be heard 
unusually well over the lateral aspect of the 
chest wall on the involved side. The clinical 
symptoms depend on the degree of obstruc- 
tion to pulmonary blood flow and the in- 
creased work of the right ventricle. Cvano- 
sis may occur if there is an associated ven- 
tricular or atrial septal defect. Cardiac 
catheterization is of value in demonstrating 
the increase in systolic pressure on with- 
drawal of the catheter from the distal to 
the proximal segment of the stenotic pul- 
monary arteries. A more precise diagnosis, 
however, can be made by the roentgeno- 
graphic identification of the peripheral 
stenoses following selective angiocardiog- 
raphy of the pulmonary artery (Fig. 8, 4 
and 5). The presence of multiple pulmo- 
nary artery branch stenoses is apparently 
the result of abnormal channel development 
in the merging of the pulmonary buds trom 
the sixth aortic arch with the postbranchial 
plexus. 


RETROTRACHEAL LEFT PULMONARY ARTERY 


Anomalies of position of the pulmonary 
artery are extremely rare. One variation of 
a left pulmonary artery which passed pos- 
terior to the trachea was reported by Wit- 
tenborg ef a/f The embryologie explana- 
tion 15 unknown but presumably is the re- 
sult of the formation of an anomalous ves- 
sel from the primitive vascular plexus about 
the esophagus and tracheal bud. The vessel 
compresses the trachea leading to symp- 
toms of respiratory obstruction. Esopha- 
left side of the esophagus just above the 
tracheal carina. In addition, there is in- 
creased separation of the trachea and 
esophagus at this level. Obstructive pul- 
monary emphysema may be identified on 
routine chest roentgenograms. We have not 
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had the op portunity of seeing similar pis 
tients in this institution. 


ANOMALIES OF THE ORIGIN OF THE 
PULMONARY ARTERIES 

A rare but interesting anomaly occurs 
when there is failure of development of the 
ventral portion of the sixth aortic arch with 
persistence of the sixth dorsal arch. This 
results in a large "ductal.like" vessel which 
has its origin from the aortic arch from 
where it passes to the mediastinum and di- 
vides into the right and left pulmonary ar- 
terial branches. The resulting clinical find- 
ings are dependent on the size of the vessels 
and the amount of pulmonary blood flow. 
It the blood flow is small, the clinical find- 
ings will be similar to those of Fallot's 
tetralogy, whereas if the blood flow is large 
the findings will be similar to those en- 
countered in a true truncus arteriosus. The 
entire cardiac output passes into the aorta 
and the pulmonary arterial trunks divert a 


Abnormalities of Pulmonary. Arteries 





9. Anomalous origin of the pulmonary artery in a 3 


495 





( | year old boy. | 
the ventricular septal defect into ascending aorta. The aortic arch is on the night and a large opacified 
trunk extends to the left and inferiorly to bifurcate ( B) and provide blood supply to the lungs. 


T) Catheter has been passed through 


portion of this to the lungs. This anomaly is 
embrvologically similar to unilateral. ab- 
sence of the pulmonary artery with associ- 
ated Mm origin of a single pulmon- 
ary artery. [t is also similar to pulmonary 
arterv atresia or pseudotruncus arteriosus; 
the major c difference is that in pseudotrun- 
cus the pulmonary circulation is supplied 
by collaterals derived from the post- 
branchial plexus. 

Chest roentgenograms usually show car- 
diac enlargement with increased 50 y 
arterial markings in the lungs. A density 
may be seen in the left apex, this represent- 
ing the persistent dorsal sixth arch. Angio- 

cardiograms demonstrate the right aortic 
arch and the anomalous vessel arising from 
it extending into the apex of the left hemi- 
thorax and then tortuously passing in- 
feriorly to divide into the pulmonary an 

teries (Fig. 9, 4 and B). Rarely, a similar 
anomalous vessel may be present on the 

right, apparently representing persistence 
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Fic. to. Anomalous origin of the pulmonary arteries 


in an 8 week old boy. Contrast material has been 
injected into the right ventricle passing through 
ventricular septal defect to opacify the aortic arch 
which is on the right and gives rise to two large 
trunks which extend to the apex of each hemi- 
thorax and then pass inferiorly to each lung. 


of the dorsal portion of the right sixth arch, 
and in turn passing inferiorly to form bud: 
monary arteries to the right lung (Fig. 10). 


HI, ABNORMALITIES OF THE PULMONARY 
VASCULAR BED 


PULMONARY ARTERIOVENOUS FISTULA 


Congenital arteriovenous communica- 
tions involving the lungs are not uncom- 
mon. The patients may be asymptomatic 
but frequently there is evidence of arterial 
hemoglobin desaturation as manifested by 
polvevthemia, clubbing and occasionally 
cvanosis. Routine chest roentgenograms 
may be diagnostic by demonstrating the di- 
lated vascular channels extending from the 
hilar area to a more homogeneous area of 
density repr esenting the arteriovenous com- 
munication. Lamin: agrams may also be of 
value in demonstrating the afferent and 
efferent vessels but the most reliable and 
confirmatory method of demonstration is 
by angiocardiography. Opacification of the 
vascular pathways to and from the arterio- 
venous fistulae is diagnostic and frequently 
additional fistulae may be identifed which 
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were not aw. prior to angiocardiog- 


: A and B). 


PULMONARY ARTERIAL SCLEROSIS 


Abnormalities of the pulmonary vascula- 
bed also include medial hypertrophy, 
TE sclerosis, vasculitis and thromboembolism 
The most frequent abnormality is athero- 
scleratic lesions on the intimae of the large 
elastic arteries. These sclerotic lesions con- 
sist cf localized vellow plaques. Thev are 
quite frequently found in patients with 
pulmonary hypertension and occur in older 
individuals without pulmonary hyperten- 
sion. The physiologic counterpart of these 
lesions is apparently not significant, since 
thev produce little or no obstruction. 

The large and small muscular arteries 
present a spectrum of structural abnormali- 
ties. The most important are those occurr- 
ing in the small muscular arteries which, bv 
definit on, are those arteries measuring 100 
p in diameter or less. It is important that 
these small muscular arteries be differenti- 
ated from the arterioles which mav have 
the san e size but a different anatomic con- 
figuration. The muscular artery, by defini- 
tion, has an internal and external elastic 
membrane and a discrete laver of muscle. 
The arteriole, in contrast, has an intimal 
laver and an indistinct laver ot elastic mem- 


brane. No discrete muscle laver is en- 
countered. There is no wav of distinguish- 


ing an crteriole from a venule unless the 
attachment of the vessel to an artery or 
vein is identified. 

The smplest and most common abnor- 
malitv o7 the small muscular arteries 15 an 
increasec thickness of the media. This is en- 
countered in every fetus and newborn and 
may persist normally until about the age of 
6 weeks. Medial hypertrophy is also en- 
counterec. pathologically in association 
un EU. mations of c hear ts 


phi essure ivi Or W eee an increase in pul- 
monary b'ood flow. The second pathologic 
reaction 1s one of endothelial hyperplasia. 
This is encountered in malformations in 
which there is an increased pulmonary 
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Arteriovenous fistula in a 1 ๐ vear old girl. 


Fic. 11 
in right base. 
as well as a similar unsuspected fistula in the right upper lobe. 


blood pressure. This is a relatively uncom- 
mon finding and may represent a fleeting 
episode in the deve slopment of more ad- 
vanced lesions. The most common abnor- 
malities are the development of eccentric 
areas of sclerosis in the intima of large and 
small muscular arteries. In contrast to 
medial hypertrophy, which is uniform and 
concentric, intimal sclerosis is a localized 
patchy lesion with a capricious pattern of 
involvement. The involvement varies from 
minimal localized. patches involving one 
segment of the circumference of a vessel to 
complete obliteration of the lumen. Other 
abnormalities which could be included with 
the sclerotic lesions consist of focal aneurys- 
mal dilatations of the vessels due presum- 
ablv to focal rupture of the elastic mem- 
branes and destruction of the muscular seg- 
ment of the wall. Another form of intimal 
disease 1s the formation of multiple small 
blood vessels in the angiomatoid pattern. À 
final apparent reactive form is a vasculitis 
which may involve the large and small 
muscular arteries. There is necrosis of the 
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(A) Posteroanterior chest roentgenogram shows density 
(B) Angiogrcardiogram shows opacification of arteriovenous fistula in the right lower lobe, 


vascular wall associated with an inflamma- 
tory response and the etiology is unknown. 

The previouslv described lesions of 
medial hypertrophy, intimal sclerosis, and 
vasculitis are associated with pulmonary 
hypertension. The increased pressure mav 
or may not be associated with increased 
How and increased pressure while the inti- 
mal lesions are associated with increased 
pressure and normal or even decreased 
flow. The cause and effect relationships are 
entirely conjectural, It is the working hy- 
pothesis in this labor atory that the 0 
hvpertrophy represents a persistence of the 
fetal configuration in the presence of an 
increased. pressure and flow through the 
lung. It is possible that the medial hyper- 
trophy becomes responsible for the sus- 
tained high pulmonary arterial blood pres- 
sure. The intimal lesions are considered to 
be a result of the hypertension although, as 
obstacles to flow, they may maintain and 
aggravate the level of pulmonary hyper- 
tension. 

Another form of vascular lesion is made 
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up of multiple thrombi in varying degrees 
of organization seen with decreased pul- 
monary flow. This is classically encountered 
in tetralogy of Fallot. In this case, the pul- 
monary vascular bed is not associated with 
an increased pressure and is associated with 
a decreased flow. 

There is at least one group of workers 


Im 











E. B. Singleton, R. D. Leachman and H. 5 





. Rosenberg MARCH, 1964 


en’ 





Fic. 12. Postmortem specimens. (4) Arteriogram of 
normal postmortem lung. Distal ramifications are 
clearly outlined. (8) Arteriogram of patient with 
intimal sclerosis showing abrupt termination ok 
the smaller arteries producing "pruned-tree" ap- 
pearance, 
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who consider all of the intimal lesions as- 
sociated with pulmonary hypertension as 
the result of thromboembolism. 





From examination of postmortem pu- 
monary arteriograms, the pattern of the 


vascular bed is not discernibly different in 
those individuals with an increased blood 
flow and pressure associated with medial 
hypertrophy and the normal. This is int 
preted as the lack of physiologie vasculer 
tone in the postmortem specimen. The 
medial hypertrophy is thus considered to 
be a spastic or tonic mechanism rather than 
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à true anatomic abnormality. This 15 int 
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Fic. cy. Pulmonary telangiectasia in a 7 vear old 


Angiocardiogram shows opacification of 
multiple small arteriovenous fistulae. 
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preted as evidence for the reversibility of 
this lesion. In contrast, by angiography, 
the intimal lesions are readily discernible 
as obstructing the large and small pulmo- 
nary vessels (Vig. 12,71 and B). This is inter- 
preted as demonstrating the truly obstruc- 
tive potential of this form of lesion. 


PULMONARY TELANGIECTASIA 


Multiple minute congenital arteriove- 
nous communications involving the lung 
may occur as a manifestation of the Osler- 
Weber-Rendu disease. The clinical mani- 
festations are similar to other forms of pul- 
monary arteriovenous fistulae; namely, 
cyanosis, polycythemia, dyspnea, and club- 
bing of the fingers. Visible hemangiomata 
of the skin and oral mucous membranes are 
usually present. 

Chest roentgenograms show vascular 
markings which may be more prominent 
than usual and frequently have a reticular 
pattern. Angiocardiography is of value in 
opacifying the minute small hemangiomas 
(Fig. 13). 


SUMMARY 


The classification of abnormalities of the 
pulmonary arteries is presented with a 
description of the embryology, clinical and 
roentgenographic findings of each condi- 
tion. Many of these lesions are surgically 
correctable and others are of no clinical 
significance. Angiocardiography is the most 
reliable method of detection. 


Edward B. Singleton, M.D. 
Texas Children’s Hospital 
6621 Fannin 

Houston 25, Texas 
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ABSENCE OF THE PULMONARY VALVE IN THE 
TETRALOGY OF FALLOI* 
By HERBERT D. RUTTENBERG, M.D., LEWIS S. CAREY, M.D., 
PAUL ADAMS, Jr, M.D., and JESSE E. EDWARDS, M.D. 


ST. PAUL, MINNESOTA 


| ภ จ ITAL pulmonary valvular in- 
sufficiency is uncommon. In most 
instances, there is an absence of mature 
pulmonary valvular tissue, although primi- 
tive connective tissue may reside at the 
expected location of the valve. In other 
cases, regurgitation results from defective 
formation of identifiable pulmonary valvu- 
lar cusps. Congenital pulmonary valvular 
insufficiency, regardless of the specific ap- 
pearance of the pulmonary valve, has fre- 
quently been termed "absence of the pul- 
monary valve.” Although absence of the 
pulmonary valve may occur as an isolated 
cardiac anomaly, it usually is associated 
with a ventricular septal defect. In this 
case, the internal architecture of the heart 
is usually that of the tetralogy of Fallot. 

There are unique clinical features which 
characterize cases of pulmonary imsuth- 
ciency and the tetralogy of Fallot. The most 
diagnostic of these are the rough to-and-fro 
murmurs and the characteristic roentgeno- 
graphic findings. 

This communication is a report on 2 In- 
fants whose clinical, angiocardiographic, 
and pathologic features typify the findings 
of absence of the pulmonary valve in associ- 
ation with the tetralogy of Fallot. 


CLINICAL FINDINGS 


The clinical manifestations of the 2 cases 
will be described together since these were 
similar in each (Table 1). 

The history is that of cyanosis appearing 
in the first week of life followed shortly by 
the onset of respiratory distress. Both the 
cvanosis and respiratory distress increased 
progressively. 


Tage I 


SIGNIFICANT CLINICAL FEATURES 





Clinical Findings 


Caser | Case u 
Age 2days | 24 weeks 
Sex Female | Female 
Neonatal Cyanosis + | de 
Respiratory Distress + l + 
Bronchial Obstruction ๐ 1 4 
Systolic and Diastolic Thrills. F : = 
To-and-Fro Murmurs |o + ANE. 
Single Second Sound EE | de 
Electrocardiogram RVH® | RVH? 


Roentgenography 


+= present; o= absent; "RVH- marked right ventricular 
hypertrophy; *APT = aneurysmally dilated pulmonary trunk. 


Each patient was referred to the Uni- 
versity of Minnesota Hospitals, Case 1 at 


Physical examination revealed moderate 
to marked cvanosis. Respiratory distress 
was exemplified by rapid respiratory rates, 
abdominal breathing, and over-expansion 
of the thorax accompanied by intercostal 
retraction. In Case 1 inspiratory and ex- 
piratory wheezes were heard over the right 
hemithorax. 

Prominent rough systolic and diastolic 
murmurs, to-and-fro in character, and as- 
sociated with systolic and diastolic thrills, 
were present in each. The systolic murmur 
was harsh and of the ejection type. This 
murmur and its associated thrill were of 
maximal intensity along the left sternal 
border. The diastolic murmur which was 
rough and decrescendo and the associated 
thrill were most intense at the left second 
intercostal space anteriorly. The second 
cardiac sound was single, and loudest at the 


* From the Departments of Pediatrics, Radiology, and Pathology, University of Minnesota, Minneapolis, Minnesota; the Depart- 
ment of Radiology, St. Joseph's Hospital, St. Paul, Minnesota; and the Department of Pathology, The Charles T, Miller Hospital, 


St. Paul, Minnesota. 
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i m ae and ii iM QU E and vectorcardiogram in Cases 1 and ut, respectively. 
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F- = a ป plane; He 0 plane; S=left sagittal plane. 
. (a) Case 1, 
and large S wave in lead Vy indicate marked right ventricular hvpertrophy. 
planes and the anterior, right, and superior orientation 
of i UE ' s dit iagnosis of "iare righe Mob ar 7 hypertrophy. 


the loops, N/2z0ne/half standardization 
pattern in leads VaR and Vi 
The clockwise inscription of the ORS sE loops in 3 


lower left sternal border in each case. In 
Case 1, additionally, a systolic ejection 
click was heard at the apex and along the 
lower lett sternal border. Hepatomegaly 
was present in each case. 

Electrocardiograms and vectorcardiograms 
were available for review in each case (Fig. 
i, a and 4). These showed signs of right 
ventricular hypertrophy ' d R 1 patterns 
lead Ve. These te were associated 
with a clockwise inscription of the QRS sE 
loops in the frontal, horizontal, and s saggital 
planes. In 1 in Case 11, there were 
signs of right atrial enlargem ent and a tall 
R wave in lead Ve, suggesting left ventricu- 
lar hypertrophy. 


Representative e 
right in each case. 
Arrows indicate Sc of inscription of 


12 day old-girl. Marked right. axis deviation, qR 


M2) S USE Wy, 3 hagas m girl 


pd 


Cardiac catheterization was performed in 
Case rr. In this procedure, which was done 
under local anesthesia, the course of the 
catheter was unusual. When the catheter 
tip was in the right ventricular infundibu- 
lum, its position corresponded with the left 
border of the cardiac shadow. As the cathe- 
ter was advanced, it turned cephalad and 
medially toward the midline where the 
pulmonary valve (with gradient of pres- 
sure) was considered to be present. Im. 
mediately beyond this level, the catheter tip 
entered a large aneurvsmal-like segment in 
the pulmonary arterial system. The cathe- 
ter could not be advanced into the periph- 

eral pulmonary arterial branches but be- 
came coiled in the dilated pulmonary ar- 
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Taste II 
SYNOPSIS OF CARDIAC CATHETERIZATION DATA 
IN CASE II 


Oxygen 

Sampling Site Saturation 

(per cent) 
Superior Vena Cava 30 
Right Atrium 31 
Inferior Vena Cava 36 
Left Atrium 45 
Right Ventricle — 


Pulmonary Artery* 40/12; M=22 30 
Right Femoral Artery — 49 





* Catheter tip in aneurysmally dilated pulmonary artery. 
M= mean; a™a wave. 


Note: Characteristics of tetralogy of Fallot are systemic levels 
of pressure in right ventricle, pressure gradient across the pulmon- 
ary valvular ring, and peripheral arterial desaturation. 


tery. Studies of pressures indicated right 
ventricular hypertension and pulmonary 
stenosis (Table 11). The pulmonary arterial 
systolic and mean pressures were elevated 
but the systolic pressure was less than the 
corresponding right ventricular pressure. 

The records of pulmonary arterial pres- 
sures revealed a wide pulse pressure and 
absence of a dicrotic notch. These findings 
were considered to be compatible with pul- 
monary insufficiency. High end-diastolic 
pressure in the right ventricle corresponded 
with tall a waves in the right atrium. 

Angiocardiographic procedures were per- 
formed in each case and will be described 
separately. 

The working diagnosis in each patient, 
based primarily on the physical and roent- 
genographic findings, was the tetralogy of 
Fallot with pulmonary insufficiency. The 
condition of each patient was precarious 
throughout the hospital stay and, in each, 
congestive cardiac failure was only partially 
controlled. The first patient died at the age 
of 2 weeks while the second died at the age 
of 3 months. 


ROENTGENOLOGIC FINDINGS 


The details in the 2 cases will be de- 
scribed separately. 
Case 1. In this patient roentgenograms of 
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the thorax showed moderate cardiomegaly 
with a prominent convexity of the left 
upper cardiac border. The peripheral pul- 
monary vasculature appeared normal, but 
the central vasculature (particularly at the 
right hilus) was prominent (Fig. 2, a and 
2). The central pulmonary vasculature was 
noted to pulsate vigorously during roent- 
genoscopy. 

Forward angiocardiography was per- 
formed from the saphenous vein and serial 
roentgenograms were taken in frontal and 
lateral projections. These showed sequen- 
tial filling of the inferior vena cava, right 
atrium, a large right ventricle, and a huge, 
dilated, and pulsating infundibulum. A 
constriction of mild degree was noted at the 
junction between the infundibulum and the 
dilated pulmonary trunk (Fig. 2, c and 4). 

Case 11. In this case, the thoracic roent- 
genograms presented an unusual finding 
(Fig. 3, a and 4). A large, round, right hilar 
density projected into the right hemi- 
thorax. Although it suggested a tumor, the 
vigorous pulsation of this mass (noted dur- 
ing roentgenoscopy) indicated that it was 
vascular in nature. The upper aspect of the 
left cardiac border bulged prominently and 
there was moderate cardiomegaly. 

Selective right ventricular angiocardiog- 
raphy was performed in conjunction with 
the cardiac catheterization already des- 
cribed. Serial roentgenograms were made in 
frontal and lateral projections. Angio- 
cardiograms showed sequential filling of a 
large right ventricle and a long infundibu- 
lum (Fig. 3, c and d). Both of these struc- 
tures seemed to be rotated toward the left, 
so that the infundibulum curved medially 
and to the right. It terminated in the orifice 
of the pulmonary trunk, which lay in a 
sagittal plane at the midline. This was fol- 
lowed by opacification of a strikingly en- 
larged pulmonary trunk which extended 
into the right hemithorax and represented 
the peculiar right hilar density noted on the 
conventional roentgenograms. The pul- 
monary trunk displayed rhythmic dilata- 
tion and constriction with ventricular sys- 
tole and ventricular diastole, respectively. 
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10. 2. Roentgenologic features in Case r (a and 4) Frontal and lateral roentgenograms of the thorax. 
Cardiomegaly and marked prominence of the upper left cardiac border which represents a markedly en- 
larged infundibulum (arrows). (c and 4) Forward angiocardiograms (from saphenous vein) in frontal and 
lateral views, respectively. Sequential opacification of the inferior vena cava, right atrium, an enlarged 
right ventricle (R.V.), infundibulum (1), and pulmonary trunk (P.T.). In the frontal view arrow points to 
infundibulum of the right ventricle. In the lateral projection the location of the pulmonary valvular 
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annulus is indicated by small facing arrows. 
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In addition to the above findings, simul- branches were uniformly dilated. The aortic 
taneous opacification of the pulmonary arch was on the right side. 
trunk and aorta from the right ventricle The interior of the heart showed the fun- 


was observed, indicating the presence of a damental anatomic features of the tetralogy 
ventricular septal defect and a right-to-left of Fallot. There was a long, dilated, infun- 
shunt. dibular tract which narrowed at the pul- 

monary valvular ring (0.4 cm. in diameter). 


3 ็ ื ฉ ไ Beyond this the pulmonary trunk was di- 
Case 1 (Vig. 4, a-d). Viewing the exterior lated (0.8 em. in diameter). 
of the heart and great vessels, the most un- At the expected location of the pulmonary 


usual finding was the marked prominence valve, there was a ring of nodular, gelat- 
of the right ventricular infundibulum. The — inous tissue which represented rudimen- 
pulmonary trunk and its right and left tary valvular tissue. 





lic. 3. Roentgenologic features in Case n. (a and 4) Frontal and lateral views, respectively, of thoracic 


roentgenograms. Cardiomegaly with marked prominence of the upper left cardiac border. This prominence 
represents an enlarged, levorotated infundibulum. The large, rounded, hilar density extending into the 


right hemithorax seen in the frontal view is also apparent in the lateral view and represents an aneurysma 
dilatation of the pulmonary trunk. (c and 4) Selective angiocardiograms from the right ventricle. The right 


opacifies from the right ventricle indicating the presence of a ventricular septal defect with right-to-left 
shunt. 
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Fie. 4. Gross pathologic features in Case 1. (4) External view of left anterior aspect of the heart and great 


vessels. Marked prominence of the dilated right ventricular infundibulum (R.V.). The pulmonary trunk 
(P.T is uniformly dilated, as were its branches. Zone of constriction (arrows) at origin of pulmonary 
trunk. The aortic (A.) position is normal. (4) Interior of the origin of the pulmonary trunk (P.T.) viewed 
from above. At the anticipated location of the pulmonary valve, the orifice narrows and tags of primitive 
connective tissue protrude into the lumen. R.V. = exterior of right ventricle. (c) Interior of right ventricle 
(R.V.). A ventricular septal defect (D.) over which the aorta arose. The vertically oriented crista supra- 
ventricularis creates a long infundibular tract. Arrow points to narrow orifice at origin of pulmonary trunk 
as viewed from below. (4) Right ventricle (R.V.) and pulmonary trunk (P. T.) have been opened. Facing 


arrows point to constriction of pulmonary arterial origin. At the expected location of the valvular cusps, 
i ing of rudimentary, gelatinous connective tissue, 

















there is : 
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Histologically, at the expected area of 
the pulmonary valve, no mature valvular 
tissue was present. In this location there 
was, however, a large avascular mass of 
pale-staining, highly cellular primitive con- 
nective tissue which projected slightly into 
the lumen. 

The structure of the media of the pul- 
monary trunk was grossly irregular. The 
fibers lacked the usual parallel arrange- 
ment. Instead, they were oriented in many 
directions. In some areas groups of fibers 
ran parallel and at odd angles to other such 
groups, giving a mosaic pattern to the elas- 
tic elements of the media. 

Case 11 (Fig. 5, a-d). Viewed externally, 
the right ventricle and its infundibulum 
were enlarged. The infundibulum was sep- 
arated from the aneurysmally dilated pul- 
monary trunk by a constriction at the an- 
ticipated location of the pulmonary valve 
(Fig. $a). 

The internal arrangements of the heart 
were those of the tetralogy of Fallot but 
with the aorta taking a greater than aver- 
age portion of its origin from the right ven- 
tricle. The tortuous, infundibular channel 
(0.7 cm. in diameter) narrowed considera- 
bly at the constricted pulmonary valvular 
ring of which the diameter was o.4 cm. The 
dilated pulmonary trunk above the con- 
striction measured 2 cm. in diameter. Nei- 
ther a pulmonary valve nor remnants of 
mature valvular tissue were present. Ás in 
Case r, irregular, gelatinous tissue ringed 
the pulmonary valvular annulus. In addi- 
tion, there was a tiny sinus pocket (Fig. 54) 
in the pulmonary trunk above the annulus. 
This may have represented a rudimentary 
pulmonary valvular sinus. 

Unfortunately, the branches of the pul. 
monary trunk were not present in the speci- 
men submitted to us. This precluded a close 
correlation of the pathologic findings with 
angiocardiographic observation of an aneu- 
rysmally dilated right pulmonary artery. 

Histologically, primitive valvular tissue 
similar to that in Case 1 was found lining 
the pulmonary valvular ring (Fig. 6, a and 
b; and 7). A diverticulum-like recess ex- 
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tended laterally through the lowermost 
portion of this primitive tissue. The mor- 
phologic arrangement at the area of the 
rudimentary sinus pocket differed from that 
of the remaining valvular ring. It was repre- 
sented by a thin pouch-like protrusion of 
the pulmonary arterial wall. 

In the media of the pulmonary trunk, a 
tendency for a parallel arrangement of the 
elastic fibers was noted Just beneath the in- 
tima aad adventitia. In the intervening 
zone an irregular arrangement of elastic 
fibers with a tendency toward a mosaic 
pattern was present, as in Case t. 


COMMENT 


Congenital pulmonary insufficiency has 
been found more frequently with ventricu- 
lar septal defect than as an 1solated condi- 
tion. Gf the 38 cases of congenital pul- 
monary valvular insufficiency reported 
since 1908! (including the 2 cases in this 
communication), 27 cases had an associated 
ventricular septal defect.1:3:4:7-8:12,18,15—17,18— 
2 Twenty of these 27 cases exhibited the 
anatomic features of the tetralogy of Fallot. 
In the 11 cases with no ventricular septal 
defect, the pulmonary valvular insuffi- 
ciency was an isolated condition? 5/6.9711.1418 
(including cases of 2 children with a patent 
ductus arteriosus). In Table mı the biblio- 
graphic source, the association of ventricular 
septal defect, and methods used in diagno- 
sis in the 38 known cases of congenital 
pulmonary valvular insufficiency are sum- 
marized. 

Clinically, patients with ventricular sep- 
tal defsct and pulmonary valvular insuffi- 
ciency usually present as mildly cyanotic 
infants or young children. They frequently 
manifest cardiac decompensation and die 
at an early age. 

The diagnostic features of congenital 
pulmonary valvular insufficiency associated 
with ventricular septal defect which were 
exemp.ified in our 2 patients (Table 1) in- 
clude: (1) harsh, to-and-fro, systolic-dia- 
stolic murmurs and thrills along the left 
sternal border; (2) mild to moderate cyano- 
sis; (=) vector and electrocardiographic 
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(R.V.), demarcated by the anterior descending coronary artery, IS Ver r anticipa 
of the pulmonary valve, there is a constriction (facing arrows). Dista! to this constriction, the pulmonary 





a 


~ 


trunk is markedly dilated. (4) Interior of pulmonary trunk viewed from above. 





l here is a constricted zon 
corresponding to the constriction shown externally in a. Above this a tiny blind pocket (arrow) protrudes 
from the pulmonary arterial wall. (c) Interior of the right ventricle (R.V.) of which the chamber is enlarged. 
Characteristic features of Fallot’s tetralogy with a ventricular septal defect (D.) over which the aorta (À.) 
arises, and a vertical crista supraventricularis forming part of the wall of a long infundibular channel (CE). 
GP) The infundibulum of the right ventricle (R.V.) and the pulmonary trunk (P.T.) have been opened. 
is no pulmonary valve. At the anticipated location of the valve, there is a ring of rudimentary, 
gelatinous tissue. The constriction at the valvular ring is marked with facing arrows. D = ventricular septal 
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Fic. 6. Case n. Low power photomicrographs of 
longitudinal sections made from facing sides of the 
junction of the pulmonary trunk with the right 
ventricle. The luminal side of each section faces 
the corresponding side of the other. (2) A small, 
rudimentary sinus pocket (S.) lies at the origin of 
the pulmonary trunk. At the uppermost level of 
the ventricular myocardium, there is a large mass 
of pale-staining cells which resembles primitive 
connective tissue. This primitive tissue is located 
beneath the sinus and extends slightly into the 
lumen of the right ventricle. Arrow points to the 
zone of constriction which was noted grossly at the 
origin of pulmonary trunk (Fig. 5). (Elastic tissue 
stun X 10.) (4) A recess (R.) extends into the junc- 
tion of the pulmonary trunk and right ventricle. 
The recess is overhung by a large mass of primitive 
valvular tissue. There is also a smaller mass of 
primitive connective tissue (rectangle) in the endo- 
cardium of the upper part of the right ventricle. 
Arrow as in a, The picture here is representative of 
the major part of the circumference of the junc- 
tion of the pulmonary trunk and right ventricle. 
(H&E X 10.) 


changes consistent with right atrial enlarge- 
ment, and marked right ventricular hyper- 
trophy (the latter usually of the svstolic 
[pressure] overload type); and (4) certain 
roentgenologic findings. These include 
prominence of the hilar density caused bv 
aneurysmally dilated and pulsating main 
pulmonary arteries. In addition to cardio- 
megalv, a prominent bulge at the upper left 
cardiac border representing the dilated out- 
How tract of the right ventricle is common. 
The peripheral pulmonary vascularity is 
usually normal, During roentgenoscopy 


เล 
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the hilar density is seen to pulsate in 
rhvthm with the heart, identifving it as a 
vascular structure. Since the appearance of 
the hilar density may easily be mistaken for 
a tumor, an awareness of this anomaly is 
important for its recognition. 

Angtocardiography is the most useful 
diagnostic study in this condition. It mav 
be performed from a peripheral vein (asin 
Case 1) or selectively, from the right ven- 
tricle (as in Case 11). 

The anatomic features and fundamental 
hemodynamic states in this condition are 
readily defined by these procedures. 

The angiocardiographic study identifies 
the hilar density as a massively dilated pul- 
monary trunk, or as main pulmonary ar- 
terial branches. Also visualized is the di- 
lated right ventricular infundibulum. Early 
opacification of the aorta, immediately fol- 
lowing visualization of the right ventricle, 





ic. 7. Photomicrograph of zone in rectangle in 
Figure 62, The tissue is highly cellular and avas- 
cular with cells resembling primitive connective 
tissue. (H&E X 150.) 
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TABLE III 


SUMMARY OF 38 CASES OF CONGENITAL PULMONARY VALVULAR INSUFFICIENCY REPORTED IN THE LITERATURE 


No. of Cases 












Associated Conditions 


Ventricular Septal Defect 
without Pulmonary 
Stenosis 


Ventricular Septal Defect 
with Pulmonary Stenosis 


Íntact Ventricular 
Septum 


Cardiac 





Means of Diagnosis (by bibliography number)* 










Angiccar- 


diogrephy DETTO 


Surgery 


M ——Á——Á—M—ÀÀ— [iii i i i y, MÀ n me ÜIÜÀÓÁÀ—À iaa aea [a M 


3 KE 17, 20, 2I 


1, 4, 7, 8, 12, 13 
15, I7, 19, 21-1, II 


10, 19, 21 


* Roman numerals 1 and 11 indicate case numbers in this communication. 


T The sex was not stated in 6 cases.” 


indicates the presence of an associated 
ventricular septal defect and pulmonary 
stenosis, features of the tetralogy of Fallot. 

The prognosis of pulmonary valvular in- 
sufficiency with ventricular septal defect is 
poor. Of the 27 reported cases, 23 patients 
had died by the time they were reported 
and 10 of these were less than 17 months of 
age. Eleven of the 27 were from 3 to 11 
years old at the time of death, while 2 were 
adults (death at ages 32 and 46 years, re- 
spectively). (In 4 children the ages were not 
given.) 

Among the 11 reported cases with iso- 
lated congenital pulmonary insufficiency, 2 
patterns were evident. In the smaller group 
were 4 subjects who died in infancy (2 of 
these when less than 2 days old). In each, 
absence of the pulmonary valve was 
demonstrated at necropsy. In one of these 
in which thoracic roentgenographic fea- 
tures were reported,!° the central pulmon- 
ary arterial vasculature was normal, while 
the infundibular part of the right ventricle 
was prominent. Ín the larger group were 7 
living patients aged 7, 7, 14, 16, 24, 36, and 
54 years, respectively, at the time they were 
reported. Generally, these patients ex- 
hibited mild symptoms. Splitting of the 
second sound was noted in these patients, 


which suggested that the deformity of the 
pulmonary valve may perhaps be charac- 
terized by the presence of some functional 
valvular tissue. 


SUMMARY 


The characteristic clinical features of 2 
infants with absence of the pulmonary 
valve in. association with the tetralogy of 
Fallot included cyanosis and a rough to- 
and-fro murmur. 

Thoracic roentgenograms and roentgeno- 
scopic studies revealed the diagnostic fea- 
tures of very prominent and pulsating in- 
fundibulum and major pulmonary arteries. 
Angiocardiographic studies were most use- 
ful in defining the intrinsic anatomic and 
hemodynamic characteristics of this mal- 
formation. 


Jesse E. Edwarcs, M.D. 
Pathology Department 

The Charles T. Miller Hospital 
125 West College 

St, Paul 2, Minresota 
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'OMALOUS LEFT CORONARY ARTERY 


ARISING FROM THE PULMONARY 
ARTERY* 


By ROBERT J. WILDER, M.D., end ANTHONY 





PERLMAN, M.B.B. Cu. 


BALTIMORE, MARYLAND 


W! TH the continuing improvement in 
diagnostic and surgical techniques, 
anomalies of the coronary arteries are now 
more frequentlv recognized and corrected. 
Occasionally, one or both of the coronary 
arteries may arise from the pulmonary ar- 
terv instead of the aorta. 
anom alous orion of left coronary artery 
1886 by Brock x 193: 2. Bland. W hi oni 
Garland! reported on 17 cases in which the 
left coronary artery arose from the pul. 


monary arterv, 2 cases in which the right 
coronary artery arose from the pulmonary 


artery, and 2 cases in which both coronary 
arteries arose from the base of the pulmo- 
nary artery. Sabiston ef al* presented 12 
cases 1 ท 1960 with a review of the clinical 
and pathologic findings and emphasized 
the need for early surgical intervention. 
The following case report of an anoma- 
lous left coronary arterv arising from the 
pulmonary 
the claritv of the roentgenographic findings. 


REPORT OF A CASE 


Case #321797. This male patient was born on 
December 3o, 1961, following a normal spon- 
taneous delivery. Initial examination revealed 
an extra digit on the right hand and slight 
cyanosis. The patient did well and was dis- 
charged from the hospital on January 2, 1962. 

The child was readmitted April 12, 1962, 
because of an upper respiratory infection with 
increasing dyspnea and fever. There was splint- 
ing ad decreased breath sounds over the left 
chest. A roentgenogram of the chest revealed a 
left lower lobe pneumonia and an enlarged 
heart. The patient responded to antibiotic 


The first case of 


artery is presented because of 





lic. 1. Right sided angiogram via polyethylene 
catheter inserted into the inferior vena cava 


through the saphenous vein, The tremendous size 
of the left heart chambers is demonstrated as well 
as the thin left ventricular myocardial wall. 


therapy. An electrocardiogram recorded on 
April 17, 1962, demonstrated Q-waves in Li, 
AVL, V4, Vs and V6. There was also slight 
elevation of the ST segments in V4, Vs and V6, 
and a nonspecific T-wave abnormality. These 
hndings, suggestive of an anterior myocardial 
infarction in an infant, are characteristic of 
anomalous origin of the left coronary artery 
from the pulmonary artery. Right sided angiog- 
raphy was performed through a polyethylene 
catheter inserted via the saphenous vein into 
the inferior vena cava, in order to demonstrate 
the internal anatomy of the heart. Figure 1 


shows the tremendous size of the left heart 


* From the Departments of Surgery and Pediatrics of the Baltimore City Hospitals and the Johns Hopkins University School of 


Medicine, Baltimore, Maryland. 
Supported by National Institutes of Health, Grant H-2245. 
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chambers and the thin ventricular myocardial 
wall. 

With the evidence of an enlarged dilated left 
ventricle, plus the electrocardiographic find- 


ings, à diagnosis of anomalous left coronary 
artery arising from the pulmonary artery was 


made. Retrograde coronary arteriography was 
suggested in order to confirm the diagnosis. On 
June 6, 1962, a No. § cardiac catheter was 
passed retrograde through the femoral artery 
around the arch of the aorta and positioned 
just above the aortic valve. Using approxi- 
mately 7 cc. of Fo per cent urokon, an injection 
was made with the Gidlund automatic syringe 
at à pressure of Io kg. per sq. em. Roentgeno- 
grams (Fig. 2, A-D) were obtained on the bi- 
plane Schónander apparatus and the first was 
made after most of the urokon was injected. 


The hb e and lateral roentgeno- 
grams (Fig. 2, A 1 and B) show the right coro- 


nary artery arising from the base of the aorta. It 
is completely filled with radiopaque medium 
and there are large collaterals traversing the 
apex of the heart and joining the left coronary 
artery which appears to originate from an area 
that is both anterior and medial to the aorta. 
In the sequence of roentgenograms that fol. 
lows, it is possible to observe the opaque 
medium disappearing from the base of the aorta 
and the right coronary artery, and draining 
through the left coronary artery into the 
structure lying anterior and in the arch of the 
aorta. In Figure 2, C and D the pulmonary 
valves are visible and it becomes obvious that 
the opaque medium is traveling from the aorta 
into the right coronary artery through collat- 
erals into the left coronary artery and into the 
pulmonary artery. 

The patient tolerated both angiographic 
procedures without any ill effects. It was de- 
cided to ligate the left coronary artery as it 
entered the pulmonary artery in order to halt 
the runoff of blood from the left coronary artery 
into the pulmonary artery. Pressure in the left 
coronary artery would be increased and addi- 
tional blood would be forced into the myocar- 
dium. On June 11, 1962, the patient was taken 
to the operating room and the left coronary 
artery occluded. At the time of the procedure, 
the child developed a marked arrythmia and 
there was a period of inadequate circulation 
lasting approximately to minutes. The ligation 
was finally accomplished. Postoperatively, the 
child responded promptly and seemed to be 
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domg well until the second day when he suf 
fered cardiorespiratory arrest. The child re- 
sponded to tracheostomy, oxvgen and closed 
chest cardiac massage, although it was neces- 
sary to maintain him on a positive pressure 
respirator, A second arrest occurred, however, 
and although the patient was again resusci- 
tated, he died after a third cardiac arrest on the 
fifth 8 day. rem examina- 


secretions in the 0 ไ tree. The 
coronary ligature was found around the ante- 
rior descending coronary arterv. The erroneous 
ligation of the anterior descending coronary 
artery, instead of the main left coronary arterv, 
occurred during the second attempt to pass and 
tighten a ligature around the main left coronary 
artery without the resulting cardiac arrvthmia 
and inadequate circulation that resulted with 
the first attempt. There was no sign of myo- 
cardial infarction, 


DISCUSSION 

The diagnosis of anomalous origin of the 
left coronary artery from the pulmonary 
artery can be suspected from the history, 
roentgenogram and electrocardiogram.Posi- 
tive confirmation of the diagnosis, however, 
must rest on the visual demonstration of 
the anomalous origin of the coronary artery 
bv angiographic techniques. The enlarged 
thin walled myocardium of the left ventricle 
can be easilv visualized on a right sided 
angiogram. The actual demonstration of a 
single coronary artery arising from the 
aorta can only be made by retrograde 
aortography. The use of retrograde aortog- 
raphy to demonstrate the coronary arteries 
is well established in the adult and many 
thousands of such roentgenograms have 
been recorded. This diagnostic approach to 
anomalies of the coronary arteries was sug- 
gested by diGuglielmo and Guttadauro? in 
1954. 

The difficulties of retrograde coronary 
aortography in the infant as compared to 
the adult are onlv those of size. Great care 
should be taken by the surgeon in perform- 
ing the arteriotomy either in the brachial or 
femoral arterv. The catheter used for the 
procedure should certainlv pass through the 
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blood vessel lumen easily so as not to dam- 
age the wall of the artery or tear the artery 
at the site of the arteriotomy. The arterial 
repair requires extremely fine technique. 
The catheter itself must be positioned just 
above the aortic valves and the injection 
made as rapidly as possible. With the use of 
small catheters necessary 1n infants, the 
automatic injector syringe is probably es- 
sential in order to get a concentrated bolus 
of contrast medium into the base of the 
aorta. It is advisable to have biplane 
roentgenograms so that conclusive demon- 
stration of the position of the various struc- 
tures visualized is obtained. 

In Figure 2, 4—D, the flow of the con- 
trast medium from the aorta through the 
right coronary artery into the left coronary 
artery and into the pulmonary artery is ob- 
vious. Such evidence supports the postulate 
of Brooks? that there is a retrograde flow of 
blood through the anomalous coronary 
artery. The low pressure in the pulmonary 
artery allows this retrograde flow to occur 
resulting in a low pressure in the anomalous 
coronary artery and thereby depriving the 
myocardium of adequate nutrition. In this 
case, the contrast medium was injected into 
the base of the aorta. It appeared in the pul- 
monary artery. Since there were no other 
abnormalities, this could have occurred 
only by retrograde flow from the right 
coronary artery through the left coronary 
artery and finally into the pulmonary ar- 
tery. The use of retrograde aortography to 
demonstrate an anomalous origin of the left 
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coronary artery from the pulmonary artery 
confirmed the diagnosis and provided fur- 
ther evidence of the retrograde flow of blood 
in the anomalous coronary artery. 


SUMMARY 


A case report is presented of an infant in 
whom the presence of an anomalous left 
coronary artery arising from the pulmonary 
artery was confirmed by retrograde coro- 
nary aortography. Angiograms showed the 
anomaly and demonstrated the retrograde 
flow of blood from the left coronary artery 
into the pulmonary artery. 


Robert J. Wilder, M.D. 
Department of Surgery 
Baltimore City Hospitals 
4940 Eastern Avenue 
Baltimore 24, Maryland 
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ABERRANT LEFT CORONARY ARTERY 


By JOSEPH J. BOOKSTEIN, M.D.* 


ANN ARBOR, MICHIGAN 


BERRANT left coronary artery isa rare 
congenital anomaly characterized bv 
origin of the left coronary artery from the 
root of the pulmonary artery. Since first 
described by Abrikosotf! in 1911, and clari- 
fied by Bland, White, and Garland? in 1933, 
approximately 75 cases have been reported. 
The condition is usually rapidly fatal, but 
prompt recognition offers the prospect of 
surgical amelioration. Several excellent re- 
views have appeared recently? 79? in which 


and pathophysiologic features. Because 
angiocardiography may play a decisive role 
in diagnosis and since the angiocardio- 
graphic features have not been thoroughly 
described, our experience with s cases is 
presented, stressing these features and the 
differentiation from the more common con- 
dition of subendocardial fibroelastosis. 


CLINICAL ASPECTS 


About 80 per cent of reported cases of 
aberrant left coronary artery are of the 
so-called infantile type, where severe car- 
diac symptoms appear very early in life 
— usually from the neonatal period up to 
the age of 3-4 months. Symptoms mav 
be failure to thrive or dyspnea, but fre- 
quently the child will behave as if in pain 
during feedings, suggesting angina pectoris. 
Physical examination. will reveal marked 
cardiomegalv, signs of heart failure, and 
absent or inconspicuous heart murmurs. 
The electrocardiogram usually, but not al- 
ways, shows signs of left ventricular infarc- 
tion and hypertrophy.’ Routine cardiac 
roentgenograms show marked cardiomeg- 
aly, usually recognizable as being predomi- 
nantly left ventricular in origin, but the 
appearance is not specific. The left ventricle 
may reach aneurysmal proportions (12 out 
of 45 cases reviewed by Cohen and Siew’) 
with associated compression atelectases of 


portions of the left lung. Fluoroscopy will 
show poor cardiac pulsations. Death usu- 
ally occurs within the first 6 months. 

Fifteen to 20 per cent of cases of aberrant 
coronary artery are of the adult type, 
wherein the patients are relatively asymp- 
tomatic and may live to beyond the age of 
60. Some, however, have angina, and many 
have been prone to sudden death.’ Physical 
examination usually reveals a machinery- 
like continuous cardiac murmur. There is 
no general agreement as to the cause of this 
murmur, but it 1s probably attributable to 
the large collateral flow from the right 
coronary artery.’ The electrocardiogram 
shows moderate left ventricular hyper- 
trophy, and may, as in our case, show left 
ventricular infarction. Plain cardiac roent- 
genograms show mild to moderate left 
ventricular enlargement. 

It seems appropriate to briefiv mention 
aberrant right coronary artery. This is even 
less common than aberrant left coronary 
arterv, and mention of only 6 cases has 
been found in the literature.?? In all cases 
the lesion has been an incidental finding at 
autopsv, and apparently has been of little 
or no clinical significance. 


PATHOLOGIC PHYSIOLOGY 


Since the left coronary arterv originates 
from the pulmonary artery, at the time of 
birth it supplies portions of the myocar- 
dium with venous blood at pulmonary pres- 
sures. During the neonatal period the 
anomaly may not be clinically apparent; 
the relatively high pulmonarv artery pres- 
sure of this period, probably in association 
with augmented collateral flow from the 
normal right coronary artery, is apparently 
adequate to supply basic myocardial needs. 
However, with time, pulmonary artery 
pressures adjust to lower levels. Because of 
the extensive collateral flow supplying 
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blood at systemic pressures, the aberrant 
coronary artery then begins to conduct 
blood in a retrograde manner, ñe, back 
toward the pulmonary artery. Thus, not 
onlv does the left coronarv artery fail to 
adequately nurture myocardium, but it 
actually drains away much of the collat- 
eral blood supplied by the right coronary 
artery. Of greatest physiologic consequence 
is the low level of pressure in the aberrant 
coronary artery, which cannot be main- 
tained significantly above pulmonary ar- 
tery pressure.’ Myocardial anoxia and in- 
farction usually supervene. When left ven- 
tricular failure develops with consequent 
fall of systemic and elevation of pulmonary 
pressures, the flow in the aberrant arterv 
may once again become “forward.” 


PATHOLOGIC ANATOMY 


Gross examination of the heart generally 
reveals extensive left ventricular infarction. 
This tends to be of greatest severity in 
areas most remote from sources of collateral 
supply, that is, in the anterior portion of 
the interventricular septum, the anterior 
and lateral portions of the left ventricle, 
and in the papillary muscles. Although 
keith? states that the left ventricular wall 
may be of normal thickness, there 1s usually 
extreme thinning and fibrosis of the wall at 
the apex. This was true in all our cases. The 
base and posterior wall of the left ventricle 
may be hypertrophied. Histologically, myo- 
cardial infarctions will be found in various 
stages of development and repair. Dys- 
trophic calcification occurs in necrotic myo- 
cardium in about $0 per cent of cases,’ but 
has never been reported roentgenographi- 
callv. Some degree of left ventricular endo- 
cardial fibroelastosis is invariably pres- 
ent.? 

Angiocardiographic observations have 
received little attention in the literature. 
Sabiston ef aL!* refer to massive enlarge- 
ment of the left ventricle and left atrium, 
with prolonged circulation. time. The lett 
ventricular wall has been described as 
"thin" or “relatively thin."? On intra- 
venous angiocardiograms the aberrant coro- 
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nary arterv was visualized in none of 4 
cases reported by Sabiston ef al. and in 1 of 
5 cases reported by Keith. Aortograms will 
show failure of direct opacification of the 
left coronary arterv from the aorta. In an 
adult type case, Agustsson ef al? demon- 
strated angiographically the extensive col- 
lateral circulation from the dilated, but 
otherwise normal, right coronary artery 
which opacified the aberrant lett coronary 
artery, and in turn, the pulmonary artery. 


METHOD AND MATERIALS 


In an effort to more fully evaluate the 
angiocardiographic features of aberrant 
coronary artery and to establish differen- 
tial features from endocardial fibroelastosis, 
5 cases of aberrant left coronary artery and 
11 cases of endocardial fibroelastosis were 
reviewed. The cases of aberrant coronary 
artery are briefly presented below. Salient 
clinical features of these cases as well as 
those of endocardial fibroelastosis are sum- 
marized in Table r. All cases were studied 
angiographically. Except for Case 11, these 
studies were performed on the biplane 
Elema serial changer, with a target film 
distance of go cm. The magnification factor 
was approximately 1.25 in anteroposterior 
projections and 1.35 in lateral projections. 
Films were exposed at the rate of 6 per 
second or 2 per second, but in all cases ex- 
posures were fast enough to show the 
left-sided chambers in varying phases 
of the cardiac cycle. A simultaneous elec- 
trocardiogram was obtained, which in- 
dicated the time of each roentgenographic 
exposure. The comparative angiographic 
features are shown in Table ir. The thick- 
ness of the left ventricular wall was meas- 
ured directly from the roentgenograms 


culation of left ventricular volumes was 
according to the "three measured length” 
method of Dodge et al.’ Calculation of left 
atrial volumes was according to Arvidsson.” 
Figures for normal mensuration are based 
upon analyses of a limited number of nor- 
mal cases and should be considered only 
approximate. 
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TABLE I 
SUMMARY OF NONANGIOCARDIOGRAPHIC FEATURES 
Electrocardiographic Plain 
Diagnosis Case Onset Symptoms Murmurs Findings P Roentgenograms Course 
Aberrant J.H. Respiratory distress Soft systolic Anterolateral Cardiomegaly, aneu- Death during surgery 
coronary 35 mo. LSB infarction rysmal LVE at age 6 mo. 
artery LH. Failure to thrive from None Posterolateral Cardiomegaly, LVE Death at age 6 mo. 
age 6 wk. infarction 
D.M. Failure to thrive from None LVH, T-wave Nonspecific Death at age 5$ mo. 
age 2 mo. changes cardiomegaly 
J.-M. Weak cry from age 2 None Anterolateral Cardiomegaly, RLL Death at age 6 mo, 
wk, infarction atelectasis 
D.V. None Continuous — Ánterolateral Slight LVE Living and well at age 
systolic infarction II yr. 
Endocardial D.D. Dyspnea at age 4 mo. Faint apical LVH and myocardial Marked LVE and Living and well at age 
fibroelastosis systolic changes LAE § yr. 
V.D. Dyspnea at age 4 mo. Faint apical LVH and myocardial LVE and LAE Living and well at age 
systolic changes 4 yr. 
R.H. Repeated URI from Faint apical LVH Generalized Living and well at age 
age 6 wk. systolic cardiomegaly 4 yr, murmur gone 
M.L. Dyspnea atage 12 mo, Systolic, 3rd Normal Mild cardiomegaly, Living and well at age 
intercostal LVE 2À yr. 
space, LSB 
K.M. Failure to thrive fom None RVH, incomplete Cardiomegaly, pul. Living with symptoms 
age 5 da. right bundle- monary congestion at age 8 mo. 
branch block 
M.M. Anorexia from age 3 None LVH, myocardial Cardiomegaly, LVE Death at age 24 mo., 
mo. changes autopsy confirmation 
K.R. Dyspnea from age% Faint apical LVH, myocardial Cardiomegaly, LVE, Death at age 11 mo., 
wk. systolic changes LAE autopsy confirmation 
C.S. Anorexia from age 4 Faint apical LVH, myocardial Cardiomegaly, Death at age 18 mo., 
mo, systolic changes atelectasis LUL no autopsy 
T.S.  Syncopalattacks from Faint apical Myocardial changes Cardiomegaly, LVE, Death at age § mo., 
age 2 mo. systolic congestion autopsy confirmation 
R.W. URI from birth Faint apical Suggested generalized. Huge LV Living, fairly well at 
systolic cardiomegaly age 34 yr. 
C.W. Dyspnea atage timo. Faint apical LVH Marked LVE, mild Death at age 14 mo., 
systolic LAE autopsy confirmation 
Key: URI= Upper respiratory infection. LVE- Left ventricular en_argement. 
LSB= Left sternal border. LAE= Left atrial enlargement. 
LVH= Left ventricular hypertrophy. RLL- Right lower lobe. 
RVH= Right ventricular hypertrophy. LUL= Left upper lobe. 


REPORT OF CASES 


Case 1. J.H., ล 4 month old white male, was 
well until the age of 34 months when he de- 
veloped cough and vomiting, irritability and 
respiratory distress. The patient was referred 
to The University of Michigan Medical Center, 
where physical examination revealed cardio- 
megaly and a soft systolic murmur at the left 
sternal border. An electrocardiogram suggested 
anterolateral myocardial infarction. Chest 
roentgenograms showed marked cardiomegaly 
(Fig. 1, 4 and B), predominantly left ventricu- 
lar. Intravenous angiocardiograms showed an 
extremely large, poorly pulsating left ventricle, 
with a thin lateral wall that did not thicken 
with systole (Fig. 2, 4 and B). There was no 
evidence of opacification of the coronary artery 


from the pulmonary artery. Two days later 
retrograde aortography was performed, show- 
ing immediate opacification of the right coro- 
nary artery from the aorta (Fig. 3, 4-D). 
Within 4 second, the left coronary artery was 
opacified via collateral conus, interventricular, 
and posterior ventricular branches. The origin 
of the left coronary artery was seen to 
be in the region of the pulmonary artery, 
but the pulmonary artery was not opacified. 
At 3 seconds there was noticeably increased 
staining of portions of the left ventricular wall, 
especially laterally, where the myocardium 
appeared extremely thin (Fig. 44). One week 
later the patient underwent an attempted cor- 
onary artery transplant. The left coronary 
artery, with a surrounding cuff, was removed 
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Fic. 1, Case 1 
cardiomegaly. The marke 
retrosternal fullness, indicates marke 


001265). (A) Posteroanterior and (B) lateral chest roentgenograms show moderate 
d posterior prominence of the cardiac silhouette (arrows), without corresponding 


d left ventricular enlargement. There is mild pulmonary conges tion 
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Intravenous angiocardiograms. Note marxed enlargement of the left ventricle with 





lic. 2. Case r (4 and B) 
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barely appreciable svstolic contractions. Note the thin lateral wall of the left ventricle ( 





j (€—), with no ap- 
preciable systolic thickening. On lateral views (not shown) the posterior wall was of normal thickness in 


diastole (7 mm.) and thickened slightly with systole. A coronary artery is visible ( 1 sbghtly retouched), 
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subsequently shown to represent the right coronary artery. 
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from the pulmonary artery, at which time con- 
siderable oxvgenated blood was noted issuing 
from its ostium. The arterv was then success- 
fully anastomosed to the aorta. l nfortunately, 
adequate left ventricular contractions could 
not be maintained, and the child succumbed a 
few hours postoperatively. At autopsy, the 
heart weighed 100 gm. The lett coronary artery 
originated from the posterior aspect of the root 
of the pulmonary artery. Extensive infarction, 
both recent and old, was present over 
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the lett ventricle, especially involving the 
lateral wall, floor, and papillary muscles. 





Posteriorly, the left ventricular wall was 9 mm. 
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thick. Late-allv and toward the apex, it thinned 


to 2 mm. The papillary muscles grossly con- 
tained cale um. The surgical anastomosis of the 


artery was patent, Histologic 
examination of regions noted to have increased 
staining or angiocardiograms showed infarcts 











of several weeks in which extensive fibro-angio- 
atous traasformation was evident (Fig. 457. 


CASE L.H., a 6 month old white female, 
had failed to gain weight satisfactorily since the 
age of 6 weeks, Progressi sloped 








ssive dyspnea dev 
at the age of 3 months. Examination at The 
University of Michigan Medical Center re- 
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Fic. 4. Case 1. (4) Three seconds after the injection, 
increased staining of the myocardium along the 
Hoor and lateral wall of the left ventricle, repre- 
senting areas of healing infarction (» ^.) is seen 
(retouched). (B) Photomicrograph of a section 
taken from the lateral wall of the left ventricle. 
Note complete replacement of myocardial fibers 
by fibrous and angiomatous tissue. 


vealed a tachypneic female with circumoral 
cyanosis when crying. The heart was enlarged, 
without murmurs being present. An electro- 
cardiogram suggested fresh posterolateral myo- 
cardial infarction. Plain — roentgenograms 
showed marked cardiomegaly, predominantly 
left ventricular. Cardiac catheterization re- 
vealed a pulmonary artery oxygen saturation 
of $2 to 56 per cent with mean pulmonary 
artery pressures of so mm. of mercury. A selec- 
tive pulmonary artery angiocardiogram showed 


opacification of the left coronary artery from. 


the pulmonary artery (Fig. 5.7). The left ven. 
tricle was markedly enlarged with poor contrac- 
tions and had a very thin lateral wall which did 
not thicken with systole (Fig. 58). Surgical 
transplantation of the coronary artery was 
planned, but ventricular fibrillation developed 
during induction of anesthesia, and the child 
died. 

At autopsy, the left ventricle was very large, 
with thinning of the left ventricular wall to 1 
mm. at the apex and in the anterior portion of 
the interventricular septum. Posteriorly the 
left ventricular wall was approximately 10 mm. 
thick. Microscopically, extensive old left ven. 
tricular infarction. was present. The left coro- 
nary artery originated from the posterior aspect 
of the pulmonary artery. 
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Case 111. D.M., a 3 month old female, was 
admitted for study because of failure to gain 


weight since the age of 2 months. Physical 
examination revealed marked cardiomegaly and 
no murmurs. The electrocardiogram suggested 
left ventr.cular hypertrophy. (without evidence 
of infarction). 

Chest roentgenograms showed marked car- 
diomegaly and atelectasis of the left lower lobe. 
Intravenous angiocardiograms showed opacific- 
ation of an aberrant left coronary artery from 
the pulmonary artery (Fig. 6, 4 and B). The 
left ventricle was markedly enlarged, with a 
thin unchanging lateral wall. The child was 
sent home on medical management and died at 
the age of £1 months. Autopsy revealed an 
aberrant left coronary artery, with marked 
enlargement of the left ventricle. The left ven- 
tricular wall was 1 cm. thick near the base and 
2 mm. thick near the apex. 
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368623). G4) Selective pulmonary arteriogram demonstrates opacification of th 
artery, In this case, the low systemic pressures, in combination 


coronary artery (7) from the pulmonary 
with elevated pulmonary artery pressures (ṣo mm. Hg mean), presumably explains the forward flow in the 
entricle, 


aberrant coronary artery. (B) Later arteriogram shows a markedly, dilated, poorly pulsating left v 
thickening of the lateral wall with 
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with the lateral wall too thin to measure 


systole. 





arterv (arrows). Later roentgenograms (not 
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and B) Angiocardiograms clearly showing the aberrant left coronary 
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artery originating fron posterior aspe 
shown) revealed the typical, dilated, nonpulsatile le 





ct of the pulmonary 
ft ventricle with a thin unchanging lateral wall. 
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eft ventricular angiocardiograms with the adult type 


2 seconds a dilated right corenary artery opacifies directly from the 
aorta. One second later, the left coronary artery (*—) is opacified via collateral vessels. At 


3 seconds (roent- 


genogram not shown), there was faint opacification of the pulmonary artery, proving confluence of the left 


coronary artery with the pulmonary artery. 





Note the thinning of lateral left ventricular wall (4), indicat- 


ing an area of myocardial infarction. Note incomplete end-systolic contraction of the left ventricle. There js 


minimal mitral insufficiency, 


Case iv. J.M., a 3 month old male, was well 
until 2 weeks of age when his mother noted the 
onset of a weak cry and temporary cyanosis. 
Similar episodes occurred repeatedly, and the 


patient was referred to The University of 


Michigan Medical Center for evaluation. Physi- 
cal examination revealed signs of right pneu- 
monitis, cardiomegaly, and heart failure. There 
were no significant cardiac murmurs, The elec- 
trocardiogram suggested anterolateral myo- 
cardial infarction. Plain cardiac roentgenograms 
showed cardiomegaly, predominantly left ven- 
tricular, atelectasis of the right lower lobe, and 
pneumonitis of the right upper lobe. An intra- 
venous angiocardiogram showed a markedly 
enlarged, poorly contractile, thin-walled left 
ventricle, with no appreciable systolic-diastolic 
change in thickness of the lateral or posterior 
walls. The patient was referred to home care 
and expired at the age of 6 months. 

Autopsy revealed an aberrant left coronary 
artery, with marked left ventricular dilatation. 
The left ventricular wall measured 1 mm. in 
thickness at the apex and in the anterior por- 
tion of the interventricular septum. Micro- 


scopically, there was extensive infarction in the 
anterolateral portion of the left ventricle. 


Case v. D.V., a 9 year old female, was in 
apparently good health despite a known heart 
murmur since the age of 4. The patient was 
referred to The University of Michigan Medical 
Center for further evaluation. Physical exami- 
nation revealed evidence of mild left ventricular 
hypertrophy and enlargement. There was a 
holosystolic Grade iv murmur and thrill at the 
apex. A continuous murmur was also noted in 
the 2nd and 3rd interspaces at the left sternal 
border. Chest  roentgenograms suggested 
moderate left atrial and slight left ventricular 
enlargement. The electrocardiogram suggested 
an old anteroseptal infarction. Selective left 
ventricular angiocardiograms (Fig. 7, 4 and B) 
showed a mildly enlarged left ventricle which 
contracted incompletely. One area along the 
upper lateral wall, thought to represent an old 
infarction, was moderately thinned and showed 
only minimal increase in thickness with systole. 
lhe remaining left ventricular wall seemed 
slightly thickened. A large tortuous right cor- 
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the age of § days 
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367). GA and. B) This patient was a 7 
. À male sibling had died as an infant, and autopsy h had reveale 
Plain. roentgenograms showed generalized cardiomegaly, 


Marcu, 1964 


Lud 
DIASTOLE 





7 week old female who failed to thrive from 
l endocardial fibroelastosis. 
predominantly left ventricular in origin, and mild 


pulmonary congestion. The electrocardiogram suggested left ventricular hypertrophy with mvocardial 
changes. Selective angiocardiograms reveal a moderately enl larged, poorly pulsating left ventricle. Lateral 
wall is of normal thickness, and thickens slightly, but definitely, with svstole. Coronary arteries ON ON) 


appear normal. 


onary artery originated normally from the 
aorta, but the left coronary artery was opacified 
after a 4 second delay via collateral branches. 
Faint ON of the pulmonary artery 
then became evident, and the diagnosis of 
aberrant left coronary artery was established. 
Surgical correction was suggested, but refused 
by ine 08 n The child remains rela- 
cat the age of 11 vears. 
DISCUSSION 
In Table 1 pertinent nonangiographic 
data of our case material are summarized. 
It may be seen that all infantile type cases 
of aberrant left coronary artery developed 
symptoms before the age of 4 months and 
had no significant cardiac murmurs. Plain 
roentgenograms showed marked cardio- 
megalv in all cases, which on oblique views 
seemed to be predominantly left ventricu- 
lar in origin. In 1 case, the left ventricle 
could be considered of aneurysmal propor- 
tions on plain roentgenograms. The electro- 
cardiogram was very helpful, suggesting 


myocardial infarction in 4 of $ cases (in- 
cluding the adult type case); vet, in 1 case 
(Case 111) the electrocardiogram indicated 
onlv left ventricular hypertrophy. On the 
other hand, it must be borne in mind that 
mvocardial infarctions may occur in Jn- 
fancy from causes other than aberrant 
coronary artery.” Therefore, 1t is apparent 
that a diagnosis of aberrant left coronary 
arterv cannot be made or excluded with 
certainty on clinical data alone, and angio- 
cardiography ofers a further invaluable 
diagnostic adjunct. 

Table 11 shows a summary of the perti- 
nent angiographic observations on the 
อ cited material. In 4 cases the 
coronary arteries were visualized, and in 3 
of these the angiocardiogram conclusively 
demonstrated a confluence between the 
pulmonary artery and the left coronary 
arter x b. cs H and 111 oe Hee 
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flow in the aberrant coronary artery re- 
sulted in secondary opacification of the pul- 
monary artery. In Case 1, the origin of the 
left coronary artery was seen to be in the 
region of the pulmonary artery, implying, 
but not conclusively proving, retrograde 
flow into the pulmonary artery. In Case 
Iv, the direction of flow was also presum- 
ably retrograde, as inferred from the lack of 
left coronary visualization on the intra- 
venous study. It must be emphasized, how- 
ever, that retrograde opacification of the 
left coronary artery by collateral circula- 
tion without secondary opacification of the 
pulmonary artery is not pathognomonic of 
aberrant left coronary artery; a left cor- 
onary artery obstructed at its origin may 
also opacify via collateral vessels from the 
right coronary artery.H 

Another striking feature, present in 
every case, was thinning of the lateral left 
ventricular wall. This was too thin to meas- 
ure in 3 cases and about 24 mm. in I case. 
In the single case of the adult type, the 
thinning seemed to be localized to a small 
area near the base, apparently a site of in- 
farction. Of the 4 infantile cases, lateral 
views were available in 3. In 2 of these, the 
posterior left ventricular wall was thinned, 
while in Case 1 the posterior wall was 
thickened. It seems likely that the predilec- 
tion for involvement of the lateral left 
ventricular wall reflects the greater tend- 
ency for ischemia and infarction of the 
myocardium situated farthest from the col- 
lateral supply. 

Of particular importance is the demon- 
stration of unchanging thickness of these 
involved portions of myocardium between 
systole and diastole, strongly suggesting in- 
farction. Although one might expect actual 
systolic thinning of the infarcted areas, this 
was not observed in any case, possibly be- 
cause the involved areas were already too 
thin to measure accurately. Likewise, there 
was no evidence of paradoxical pulsation. 
As can be seen from Table 11, left ventricu- 
lar contraction was véry poor, with conse- 
quent marked prolongation of the time re- 
quired for contrast medium to clear from 
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the left ventricle (6 to 7 seconds in most 
cases). 


DIFFERENTIAL DIAGNOSIS 


Several entities may closely mimic aber- 
rant left coronary artery, both clinically 
and angiographically, including endocardial 
fibroelastosis, myocarditis, von Gierke's 
disease of the heart, and medial necrosis of 
a coronary artery. Because of its relative 
frequency, endocardial fibroelastosis is the 
chief problem in differential diagnosis (Fig. 


8, Æ and B). Since aberrant left coronary 


artery is amenable to surgical correction, 
it is of more than academic interest to es- 
tablish this differentiation. | 

A study of Table 1 reveals certain clinical 
features which may be of help in differenti- 
ating aberrant coronary artery from endo- 
cardial fibroelastosis. The age of onset of 
symptoms may be of significance, for, al- 
though both entities may become symp- 
tomatic by the age of 4 to 6 months, endo- 
cardial fibroelastosis is much more likely to 
be found in a child presenting beyond this 
age. The electrocardiogram showed myo- 
cardial infarction in 4 of 5 cases of aber- 
rant coronary artery, and in none of the 
cases of endocardial fibroelastosis. Never- 
theless, the lack of electrocardiographic 
evidence of infarction in Case n1 empha- 
sizes the limitations of differentiation by 
this method alone. 

Table x1 shows the differential value ot 
certain angiographic features. If the coro- 
nary arteries are well visualized, either on 
right or left-sided injections, the differen- 
tiation becomes obvious. The greatest 
problem arises in those cases studied by 
right-sided injection only, where the coro- 
nary arteries are not seen. In both entities a 
very large, poorly contractile left ventricle 
will be evident. However, in aberrant left 
coronary artery, the lateral left ventricular 
wall is markedly thinned and remains 
thinned during systole. On the other hand, 
in cases of endocardial fibroelastosis, the 
lateral wall may be thinned, normal, or 
thickened, but it will show some increase in 
thickness with systole. Observation of left 
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ventricular wall thickness and its cyclic be- 
havior would have enabled differentiation 
in all our cases but one. In this particular 
case (C. S.) the left ventricular wall thick- 
ness could not be estimated because of poor 
aeration of adjacent lung. 

In Table x11 pertinent differentiating fea- 
tures are summarized. 

Many other features were compared and 
found to be of little or no help in differen- 
tiation, including: compression of right 
ventricle by enlarged left ventricle, size 
and degree of emptying of the left atrium or 
ventricle, configuration and smoothness of 
the left ventricle, and time required for 
contrast material to clear from the left ven- 
tricle. 

As previously mentioned, numerous 
other entities may be associated with di- 
lated and poorly contractile left ventricles, 
but in all these, the left ventricular wall 
would be expected to appear thick, or at 
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least to thicken during systole. Most diff- 
cult to differentiate would be those infants 
with occlusive disease of the left coronary 
artery. Failure to demonstrate or suggest 
a connection of the left coronary artery 
with either the aorta or pulmonary artery 
would presumably be the distinguishing 
feature in these cases, although we have not 
had angiographic experience with such an 
entity as yet. 


SURGICAL THERAPY 


As previously discussed under patho- 
physiology, the aberrant coronary artery 
not only fails to supply portions of the 
myocardium with oxygenated blood at ade- 
quate pressure, but may actually function 
as a left-to-right shunt, draining part of the 
collateral supply away from the myocar- 
dium into the pulmonary artery. The resul- 
tant low pressure in the aberrant coronary 
artery and its branches is apparently the 
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SUMMARY OF DIFFERENTIATING FEATURES 


Aberrant Coronary Artery 


Clinical Features 


Symptoms usually appear by age of 3 mo. 


Endocardial Fibroelastosis 


Symptoms may appear from in- 
fancy through age of 3 yr. 


Murmurs inconspicuous 


Plain Roentgenograms 


Marked cardiomegaly, usually recog- 


nizable as predominantly left ven- 


Usually suggest left ventricular hy- 
pertrophy and myocardial changes 


tricular 
Electrocardiograms Usually suggest infarction 
Angiocardiograms Right-side injection may opacify an aberrant 


coronary artery (2/4 in this series) 


Left-sided injection shows delayed opacifica- 
tion of left coronary via collateral vessels from 


Left-sided injection should show 
normal coronary arteries 


the right coronary (2/2 in this series) 


Thin lateral wall of left ventricle which shows 
no thickening with systole (4/5 in this series) 


Slightly thin, normal, or thick left 
ventricular wall which thickens 
somewhat with systole l 


Dilated, poorly contractile left ven- 
tricle, some left atrial enlargement, 
prolonged circulation time 
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most detrimental physiologic consequence 
of this arrangement. Thus it seems reason- 
able that simple ligation of the aberrant 
coronary artery will effect improvement in 
those cases where retrograde flow in the left 
coronary artery is demonstrated. Sabiston 
et al.“ report 3 cases living and markedly 
improved by this procedure (in combina- 
tion with pericardiopexy). Theoretically, 
coronary artery transplant would be the 
most satisfactory method of therapy. This 
'as actually accomplished in our Case 1, 
but apparently the stress of operation could 
not be tolerated and the patient expired. 
Perhaps earlier recognition and treatment 
would be more successful. A variety of 
other methods of treatment have been pro- 
posed, including: (a) creation of an artificial 
ductus from aorta to pulmonary artery; 
(b) pericardiopexy; (c) constriction of the 
pulmonary artery bevond the sinuses; (d) 
insertion of the internal mammary artery 
into the lett ventricle; and (e) anastomosis 
of a systemic artery into the left coronary.’ 


SUMMARY 


Five cases of aberrant coronary artery 
are presented, with emphasis on the angio- 
graphic features and differentiation from 
endocardial fibroelastosis. Clinical and elec- 
trocardiographic features may suggest the 
proper diagnosis, but only angiography can 
conclusively demonstrate the continuity 
between the pulmonary artery and the left 
coronary artery. In our cases, blood flow 
was from the pulmonary artery to the coro- 
nary artery (forward) in 2 cases, and from 
the coronary artery to the pulmonary 
artery (retrograde) in the other 3. When 
the diagnosis of aberrant coronary artery is 
suspected, selective left-sided angiocardiog- 
raphy should be the angiographic proce- 
dure of choice. The differentiation from 
endocardial fibroelastosis and other mvo- 
cardiopathies is usually not a problem with 
such a study, but may be more difficult 
with intravenous angiocardiography. With 
this latter type of study, the coronary ar- 
teries are not generally visible, but a persis- 
tently thin lateral aspect of the left ven- 
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tricular wall should suggest the proper 
diagnosis. Subsequent confirmation bv a 
left-sided injection is advisable. 
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The University of Michigan Medica! Center 
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COMPLETE 


TRANSPOSITION OF THE 


GREAT VESSELS* 





ROE? 


ST. PAUL, 


"pu roentgenologist dealing with con- 
genital cardiac disease is not unlikely 
to be confronted with cases in which there 
is an abnormal relationship between the 
two great vessels (transposition). Although 
a number of conditions are characterized by 


transposed great vessels, the condition of 


complete transposition seems to be the 
most common. Ít seemed appropriate to 
study the roentgenologic features en- 
countered in a series of 47 patients with this 
condition who were at our disposal. It was 
believed that this study not onlv would por- 
tray details of the usual roentgenologic 
features, but also would emphasize some of 
the variations that might be encountered. 

As there are several conditions charac- 
terized bv transposition of the great ves. 
sels, it is necessarv that we define the con- 
dition "complete transposition” as used in 
this report. 

In complete transposition there are two 
ventricles, with or without a defect in the 
ventricular septum. The aorta, with the 
coronary arteries arising from it, takes ori- 
gin from the right ventricle, while the pul- 
monary trunk takes origin exclusively from 
the left ventricle. Both atrioventricular 
valves are patent (thus excluding conditions 
with tricuspid or mitral valve atresia). The 
connections of the systemic, pulmonarv and 
coronary veins are normal. Communica- 
tions between the pulmonary and arterial 
circulations may occur either bv means of a 
patent ductus arteriosus, a defect in the 
atrial septum, a defect in the ventricular 
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septum or by a combination of these de- 
fects. 


MATERIAL AND METHODS 

The material presented in this paper rep- 
resents a series of 47 patients with com- 
plete transposition of the great vessels in 
whom both roentgenologic studies and 
necropsy specimens were available. Each 
specimen of the heart was examined for 
anatomic detail, the resules of which are 
given In a separate report.* 

The ages at the time of death ranged 
from 3 days to 3 years; onlv 6 patients sur- 
vived beyond the age of 1 vear. Twenty-six 
of the patients were male and 21 female. 

The conventional roentgenograms of the 
thorax of these patients were available for 
review, and in addition, 29 angiocardio- 
grams were examined. Twenty-three were 
of the biplane variety. 

In considering the entire series of 47 pa- 
tients, the cases were divided into 3 groups. 
Group 1 consisted of 17 cases associated 
with a ventricular septal defect. In Group 
11 there were 29 cases with an intact ven- 
tricular septum. Group 111 consisted of 1 

case with valvular pulmonary stenosis and 
a ventricular septal detect. 

For each case, the conventional roent- 
genograms were studied in 2 ways. The first 
consisted of analyzing the size and config- 
uration of the heart. The second way con- 
sisted of analyzing the pulmonary vascu- 
laritv in relationship to: (1) the type of 
communication between the pulmonary 
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and arterial circulations, and (2) the rela- 
tive size of these communications. 


RESULTS 


CONVENTIONAL ROE? 





TGENOGRAPHY 

Size and Configuration of the Heart. Re- 
gardless of the tvpe of communication be- 
tween the svstemic and pulmonary circula- 
tions, infants with complete transposition 
of the great vessels showed mild to moder- 
ate degrees of cardiomegaly during the 
first few weeks of life. Enlargement of the 
left atrium often occurred and was demon- 
strated by an indentation deformity on the 
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anterior wall of the barium-filled esophagus 
below the level of the carina. This was as- 
sociated, at times, with a slight posterior 
displacement of this portion of the esopha- 
gus. In the frontal projection, the configu- 
-ation of the heart was usually quite char- 
acteristic: 1t was similar to the shape of an 
egg tilted so that its long axis lav in an 
oblique direction. The pole with the least 
convexity lav upwards and to the right; the 
pole with the greatest convexity lay down- 
wards and to the left (Fig. 1, 4-7; and 2, 
a-i). On occasion, a roentgenogram of the 
thorax was made during partial expiration. 





Fic. 1. Cases of complete transposition of the great vessels with intact ventzicular septum. 5 
chest roentgenograms. (4) Female, aged 7 days; no ductus; (4) male, age 


ries of frontal 
(c) female, 








17 days; no ductus 


^ 


3 
aged 1 ๐ days; no ductus; (7) female, aged 4 days; 4 mm. patent ductus; te) male, aged 2 days; 1.5 mm. 
patent ductus; (f) male, aged § weeks; 2 mm. patent ductus; (g) male, aged 6 days; 4 mm. patent ductus; 
(4) female, aged 15 days; 4 mm. patent ductus; (7) male, aged 2 months; 1.5 mm. patent ductus. 


Fic. 2. Complete transposition of the great vessels 


chest roentgenograms. (a) Male, new born; 12 mm. Y 





aged 3 weeks; small muscular V 


Transposition of the Great Vessels 
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with ventricular septal defect (VSD). Series of frontal 
‘SD; (4) female, aged 2 weeks; 8 mm. Y 
SD; (d) same patient as shown in c; roentgenogram mad 


T 











5D; (c) male, 


at age 2 years and 





3 months, The heart is now markedly enlarged; (e) male, aged 1 month; 2 mm. VSD; ( f) female, aged 7 





weeks; 


5 mm. VSD; (g) male, aged 6 months; large VSD; (4) same patient as g. Lateral view with barium 


to show the presence of left atrial enlargement commonly associated with this condition; (/) female, aged 


one year and 3 months; 1.5 cem. VSD. 


Under such circumstances the long axis of 


the cardiac density appeared horizontal 
Fig. 1c). 

Thymic tissue was usually not visualized. 
This feature, and the abnormal relationship 
of the two great vessels, probably ac- 
counted for the narrow appearance of the 
superior mediastinum. The right side of the 
superior mediastinum often showed a nar- 
row vertical band of increased density; the 
lateral margin of this density was formed bv 
the superior vena cava. In a few instances, 





this lateral margin was slightly convex 
owing to the displacement of the superior 
vena cava by an enlarged transposed aorta 
Fig. 2/). Rarely, this density was quite 
prominent and exhibited a bulging right 
lateral margin; in this instance, moder- 
ate displacement of the superior vena cava 
bv a right aortic arch. was demonstrated 


3, 4-7; note Fig. 34). Infants who sur- 
vived the first few weeks or months of life 
invariably showed a gradual increase in 


ardiac size. Ultimately, the heart became 
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"ro. 3. Roentgenographic studies of a case of complete transposition of the great vessels with ventricular 


ey 


septal defect, pulmonary valvular stenosis and right aortic arch. (2) Frontal roentgenogram of the chest 


rd 





showing cardiomegaly. The pulmonary v is within normal limits. Density in the right superior 


mediastinum (arrow) is produced by the lateral displacement of the right superior vena cava by the right 
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quite enlarged and showed a tendency to 
assume a globular shape (Fig. 2, c and d). 
Pulmonary Vascularity. In the 29 infants 
comprising Group 1 (intact ventricular sep- 
tum), Ig were 1 month of age or less. 
Among these 19 infants, 11 showed pul- 
monary vasculature which was interpreted 
as being within normal limits. Of these 11, 


measurements of the internal diameter of 


the ductus arteriosus at necropsy revealed 
that 6 had a closed ductus arteriosus, while 
4 showed a narrow ductus arteriosus of 2 
mm. or less. In the remaining case, the size 
of the ductus arteriosus was not recorded. 
The remaining 8 infants demonstrated an 
obvious zzecrease in pulmonary vascularity. 
Of these, 6 had a patent ductus arteriosus, 
3 mm. or more in internal diameter, while 
onlv 1 had a patent ductus arteriosus of less 
than 3 mm. in diameter. In the remaining 
case the size of the ductus was not recorded. 

The remaining 10 infants in Group 1 were 
1 month of age or older and each showed an 
obvious increase in pulmonary vascularity. 
Three of these cases showed a patent duc- 
tus arteriosus 2 mm. in width, 2 had a pa- 
tent ductus arteriosus I mm. in diameter, 
and 1 had a 4mm. patent ductus arteriosus. 
In the remaining 4 cases the size of the 
ductus was not recorded. 

In the 17 patients comprising Group 1 
COPS MENS septal defect), 15 showed in- 
creased pulmonary vascularity regardless of 
age or the size of the defect. Two cases did 
not exhibit increased pulmonary vascula- 
ture and both revealed a small ventricular 
septal defect.* 


* Small ventricular septal defect: a defect of less than 1 cm. 
per m.* of body surface area. 
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Mu stenosis x “ 
defect showed pronounced decrease in pul- 
monary vascularity. In addition, an en- 
larged right aortic arch was present. 

Comment. Complete transposition of the 
great vessels may or may not elicit an obvi- 
ous increase in pulmonary vasculature. Ac- 
cording to our results, those patients less 
than 1 month of age having an intact ven- 
tricular septum and a narrow or closed 
ductus arteriosus characteristically showed 
no obvious increase in pulmonary vascula- 
ture (Fig. 1, à, c and e), whereas those with 
an intact ventricular septum and a wide 
open ductus arteriosus (3 mm. or more) 
usually showed an increase in pulmonary 
vascularity. However, in the patients with 
an intact ventricular septum 1 month of 
age or more, the size of the ductus arter- 
10 ร น ร appeared to be ot little consequence, 
inasmuch as the vascularity was increased 
in each case regardless of the anatomic 
state of the ductus arteriosus. Among the 
patients in Group 11 (ventricular septal 
defect), all but 2 showed an increase in 
pulmonary vascularity despite the age of 
the patient. 

Thus, among patients with increased 
vascularity observed during the first few 
weeks of life, the roentgenogram cannot 
distinguish between an intact ventricular 
septum with a wide patent ductus arterio- 
sus and a ventricular septal defect. 

It should be emphasized that although an 
interatrial communication was present in 
each case studied, this took the form either 
of a valvular competent foramen ovale or a 
small atrial septal defect. 


—€—— RP 


sided, transposed aorta. (# and c) Selective angiocardiograms. Frontal and lateral views. The tip of the in- 
Jection catheter is in the right atrium. Note the unusual position of the right atrial appendage (juxtaposi- 
tion of the right atrial appendage). (d, e and f) Selective studies from the left ventricle, Frontal and lateral 
views. Arrow points to the valvular pulmonary stenosis, best seen on the lateral views. Contrast medium 
enters the right ventricle via the ventricular septal defect and then enters the transposed aorta, ภิ aorta; 


RAA — right atrial appendage; RA —right atrium; RV — right ventricle; 
LPA «left pulmonary artery; PT = pulmonary trunk; LV = 


RPA=right pulmonary artery; 
=left ventricle, 
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ANGIOCARDIOGRAPHY 


As previously indicated, angiocardio- 
grams were avallable 
these 29, 12 exhibited an intact ventricular 
septum (Group 1), 16 a ventricular septal 
defect (Group n), and 1 pulmonary stenosis 
with a ventricular septal defect (Group 11). 

General Considerations. Forward angiog- 
raphy is effective in demonstrating many 
of the features of complete transposition. 
Following opacification of the inferior vena 
cava, there was usually dense opacification 
of an enlarged right atrium. The right atrial 
appendage was moderately enlarged and 
more trabeculated than normal. The apex 
of this structure may extend across the mid- 
line in the frontal projection (Fig. 4, 4 and 
b; note particularly 42). In 2 cases, Juxta- 
0 ar i A appendages was evi- 

due 8 จ ฝ of an enlarged left 
atrial chamber was a common finding. In 
our series of cases, a right-to-left shunt at 
the atrial level was detected in 11 of the 17 
angiocardiograms reviewed in the group 
with intact ventricular septum. This find- 
ing was present in 3 of the 12 angiocardio- 
grams available in the group with ventricu- 
ar septal defect. 
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in 29 patients. Of 
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Following opacification of the right 
atrium, there was usually very definite 
opacification of an enlarged right ventricu- 
lar chamber which lay anteriorly in the 
lateral view. Subsequent to this, dense 
opacification of the aorta was invariably 
noted. The ductus arteriosus when patent 
was often identified. 

The position and configuration of the 
aorta in both the frontal and lateral views 
varied uy case to case. = n HC tron a 

variations in MCI TE to he Mee 
one 

In the majority of cases, the origin of the 
aorta overlay the thoracic spine, the ascend- 
ing aorta coursed vertically upward, and 
then arched downward to become continu- 
ous with the descending thoracic aorta, 
thus producing a high narrow arch (Fig. 5, 
b and e; and 7c). At other times, the ascend- 
ing aorta exhibited a convexity that flared 
outward and to the right of the upper tho- 
racic spine before crossing the midline to 
become continuous with the descending 
thoracic aorta. The resultant configuration 
was a wide arch (Fig. 8, c and e). 

Rarely, the origin of the aorta lay to the 
right of the thoracic spine, and under these 





F IG. A C N tr d of the great vessels with ventricular septal defec-. Unusual angiocardiographic 


iuis. 


§ months. ta) a roentgenogram of i Ene “st onog E MAE E 


of die ER gr appendage (RAA) which proj jects to the left of Phe Ta Ce ae n. d autopsy ie ' 
exhibited a large VSD (7 mm.) above the crista. In addition, a peculiar recess was observed in the upper 


portion of the right ventricular chamber (arrow), RA — right atrium; A aorta. 
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iG. 5. Complete transposition of the great vessels with intact ventricular septum. Argiocardiographic 





ariations in the position of the aorta and pulmonary trunk. (a and å) Ascending aorta superim- 
posed over the thoracic spine. Pulmonary trunk lies directly posterior to the aorta (A5. (c) Pulmonary 
trunk (PT) lies to the left of the aorta. (7) Lateral view of c, pulmonary trunk and aorta superimposed. The 
arrow points to the superior margin of the pulmonary trunk. (e and f) Frontal and lateral views. The 
pulmonary trunk lies posterior and to the left of the aorta. A large patent ductus arteriosus DA) is seen on 
the lateral view. In the above figure (and in subsequent figures) the arrow, when present at the bottom of 
each roentgenogram, indicates the degree of rotation of the patient during the roentgenographic study. 
Arrow ( T ) indicates no rotation. Arrow (5) indicates minimal rctation to the right, Arrow (7) indicates 
minimal rotation to the left. Arrow («—) indicates moderate rotation to the right. Arrow (—) indicates 
moderate rotation to the left. 
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Fic. 7. Complete transposition of the great vessels with intact ventricular septum. Unusual angiocardio. 

graphic features. Female, aged 9 weeks. (2 and 2) Frontal and lateral roentgenograms of the thorax show 
marked cardiomegaly with increased pulmonary vasculature. An unusual prominence of the anterior 
superior portion of the cardiac density is seen on the lateral view (arrow). (c and 7) Forward angiocardio- 
grams indicated that this density was due to the markedly enlarged right atrial appendage (RAA). In addi- 
tion, the right ventricular chamber was markedly hypertrophied in its outflow portion, and this feature 


probably accounted for the more posterior position of the ascending aorta (A) on the lateral view. 























aorta (A). A large patent ductus arteriosus (DA) is seen on the lateral view. (c, d, e and f) Same patient 
Series of roentgenograms made during right ventriculography. The coronary arteries are well outlined. 
Right coronary preponderance. Large patent ductus arteriosus (DA). On the initial lateral roentgenogram 
of this study, the contrast medium fills a portion of the pulmonary trunk via the ductus; and on the sub- 








sequent lateral roentgenogram made i of a second later, the pulmonary trunk is no longer opacified, pre 
sumably owing to a flushing out of the contrast medium by unopacified blood entering the pulmonary trunk 


เซ 


trom the left ventricle. RAA — right atrial appendage; PT = pulmonary trunk; LC «left coronary artery: 
RC = right coronary artery. 
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circumstances the aortic arch appeared 
even wider (Fig. 9, a and e). 

In other cases the origin of the aorta lay 
to the /eft of the thoracic spine. As a result, 
there was no visible "arch" in the frontal 
view since the density of the ascending 
aorta was superimposed upon the density 
of the descending thoracic aorta (Fig. 8a 
and 9c). 

In the lateral view, the anteriorly placed 
aorta usually arched upward and backward 
in a gentle curve from its site of origin to 
become continuous with the descending 
thoracic aorta (Fig. 5, dand /; and 82), or it 
coursed obliquely upward and backward in 
a straight line, angling sharply downward 
to become the descending thoracic aorta 
(Fig. 8f and 92). 

The relationship of the aorta to the pul- 
monary trunk was variable. Poor opacifica- 
tion of the pulmonary trunk was a common 
finding since the major portion of the con- 
trast medium passed directly from the right 
ventricle into the aorta. Opacification of 
the left side of the heart was often inade- 
quate for proper evaluation of anatomic de- 
tail. 

Of the 23 biplane angiocardiograms re- 
viewed, enough opacification of the pul- 
monary trunk was present in 15 to evaluate 
the relationship of this structure to the 
aorta. 

In a pathologic study by one of us 
(L. P. E.4), the external relationship of the 
aorta and pulmonary trunk showed 3 types. 
In Type 1 (most common), the aorta was 
situated anterior and to the right of the 
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pulmonary trunk in an oblique relationship. 
In Type ir (less common), the aorta was 
situated to the right of the pulmonary 
trunk in a side-to-side relationship. In Type 
II (uncommon), the pulmonary trunk lay 
directly posterior to the aorta. 

Among the foregoing 15 cases, the great 
vessels as viewed angiocardiographically 
showed the following: 10 patients exhibited 
the Type ur (anteroposterior) great vessel 
arrangement (Fig. 5a; and 6, a); 4 cases 
revealed the Type 1 (oblique) arrangement 
(Fig. 5, e and f); and in I case, the pulmo- 
nary trunk and aorta showed the Type 1 
(side-to-side) relationship with the pul- 
monary artery to the tent of the aorta (Fig. 
5, c and d). 


DISCUSSION 


Cases of complete transposition of the 
great vessels with two ventricular cham- 
bers lend themselves for discussion in 2 
groups: (1) those cases without pulmonary 
stenosis and (2) those cases associated with 
pulmonary stenosis. 

In many cases of complete transposition 
of the great vessels either with an intact 
ventricular septum or a ventricular septal 
defect (without pulmonary stenosis), there 
is a fairly characteristic configuration of the 
heart on the conventional roentgenograms. 
Although this configuration on frontal 
roentgenograms is not entirely specific for 
complete transposition, when it is found 
associated with a definite increase in the 
pulmonary vasculature in a cyanotic in- 
fant, the condition "complete transposition” 


midpoint of the thoracic spine and the margin of the bony thorax on each side. (e and f) Frontal and lateral 
views. Aorta arises to the right of the thoracic spine. Again there is moderate rotation to the right side. The 
measurement between the midpoint of the thoracic spine and the bony thorax on each side was made at the 
level of the vertical black mark overlying the thoracic spine. Note the difference in the configuration of the 
aorta on the lateral views. The angulated appearance in d and f was most commonly associated with those 
cases in which the aorta arose to the right of the thoracic spine. The configuration of the aorta in was most 
commonly associated with those cases in which the aorta arose to the left of the thoracic spine. RV=right 
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Fie. y. Complete transposition of the great vessels with ventricular septal defect. Angiocardiographic find- 
i. (2 anao 2) Frontal and lateral views. Aorta 
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ings. Variations in the position and configuration of the aort 
(A) arises to the right of thoracic spine. Rotation of the patient to the right is present as indicated by the 
asymmetry of the ribs on the frontal view and the appearance of the thoracic spine and posterior portions 


Frontal and lateral views, Aorta arises to the left of the thoracic 
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should be the primary diagnosis. The ab- 
sence of increased pulmonary vasculature, 
however, does not rule out complete trans- 
position, since 11 of 1g infants (1 month of 
age or less) in the group with an intact 
ventricular septum and 2 cases in the group 
with ventricular septal defect showed pul- 
monary vasculature which was interpreted 
as being within normal limits. 

The variation in the position of the origin 
of the aorta in frontal angiocardiographic 
views has been demonstrated by several 
authors.|7*5-? Variations in position and 
configuration of the aorta in frontal and 
lateral angiocardiographic views were noted 
also in our series. In contrast to previous 
reports, we have been impressed by the de- 
gree of rotation of the patient during the 
roentgenographic study as being the prime 
factor in producing changes in the position 
of the aorta. Since angiocardiographic 
studies are usually performed with the pa- 
tient supine, the proximal part of the as- 
cending aorta is in an anterior-substernal 
position. Under such circumstances, rota- 
tion of the patient will readily project the 
ascending aorta to the left, or to the right, of 
the thoracic spine, depending upon the di- 
rection of rotation. To support these find- 
ings, we deliberately rotated several infants 
prior to the angiocardiographic procedure 
and found that it was possible to project 
the proximal ascending aorta to either side 
of the thoracic spine. 

In some cases, in lateral angiocardio- 
grams, the Junction of the distal part of the 
aortic arch and the proximal part of the 
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descending thoracic aorta appeared angular 
(Fig. 8, dand f; and 94). This configuration 
was commonly associated with a ''wide 
arch" which arose to the right, or flared to 
the right, of the thoracic spine in the com- 
panion frontal view. Inspection of the 
roentgenograms in these cases often re- 
vealed evidence of rotation of the patient to 
the right. In other instances, the lateral 
view showed the aorta proceeding upward 
and posteriorly to join the descending 
thoracic aorta in a gradually arching man- 
ner (Fig. 82; and 94). In some of these cases 
the origin of the aorta appeared to lie to the 
left of the thoracic spine on the companion 
frontal roentgenogram and evidence of ro- 
tation of the patient to the left was demon- 


‘strated. 


Castellanos and associates? described 7 
cases of complete transposition. Of these 7, 
angiocardiograms were available in 3. Two 
of these appeared typical; the third case, 
however, exhibited an aorta in the frontal 
view which appeared to arise to the left of 
the thoracic spine. In this case, rotation of 
the patient to the left may be detected. 
Cooley and Sloan? divided complete trans- 
position of the great vessels into 6 groups. 
Review of the angiocardiographic data in 
this article would tend to indicate the role 
of rotation in accentuating the position of 
the aorta. Most of the roentgenograms in 
their cases appeared quite typical, inas- 
much as there was no evidence of rotation 
of the patient. However, Case 1 in Group 
Iv in their study showed an aorta arising 
far to the right of the thoracic spine and 


spine. Rotation of the patient to the left is indicated by the asymmetry of the ribs on the frontal view and 
the appearance of the thoracic spine and posterior portions of the ribs on the lateral view. Note again the 
configuration of the aorta in 4 as opposed to d. (e and f) Frontal angiocardiograms made on the same patient 
at different times. The aorta in e arises well to the right of the thoracic spine and rotation of the patient to 
the right is obvious. โท f the patient was well positioned and only minimal rotation to the right is present. 
On this roentgenogram the ongin of the aorta overlies the thoracic spine. 
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coursing to the left in a “wide arch" to 
reach the descending thoracic aorta. In this 
example, the patient, as judged by the pub- 
lished roentgenograms, appears to have 
been rotated to the right. In Case 2 in 
Group v in their study the aorta arose far to 
the left of the thoracic spine and, in this in- 
stance, rotation of the patient to the left 
may be detected. 

The difficulty of demonstrating the pres- 
ence of a ventricular septal defect in cases 
of complete transposition without pul- 
monary stenosis by the use of forward an- 
giocardiography has been commented upon 
by Keith and his group.* In the absence of a 
right-to-left shunt at the atrial level, the 
presence of a ventricular septal defect may 
be suspected if there is evidence of simul- 
taneous opacification of both great vessels 
immediately following opacification of the 
right ventricle. If, however, there is im- 
mediate filling of the left side of the heart 
through an interatrial communication in 
the early part of the study, simultaneous 
opacification of both great vessels is not 
reliable as a sign of a ventricular septal de- 
fect. Under these circumstances the con- 
trast medium from the left side of the heart 
will reach the pulmonary artery at approxi- 
mately the same time as the medium from 
the right side of the heart reaches the aorta. 
In such instances, a ventricular septal de- 
fect may be defined with the use of selec- 
tive right ventriculography, a technique 
which should be utilized in conjunction 
with left-sided injection, if possible. 

In those patients in which there is a 
demonstrable right-to-left shunt at the 
atrial level, it has been impossible to dis- 
tinguish the nature of the communication 
between the atria in terms of whether the 
flow was through an atrial septal defect or 
a patent foramen ovale. 

In contrast to the distribution of the 
great vessel patterns observed by one of us 
(L. P. E+), the Type 111 (anteroposterior) 
great vessel relationship was observed com- 
monly in this study, and less commonly in 
the anatomic study. Moreover, the Type u 
(side-to-side) great vessel pattern was ob- 
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served commonly in the anatomic study, 
and in only 1 case angiocardiographically. 
The reason for this discrepancy is not clear. 
Several factors may be responsible. First, in 
the angiocardiographic study of the rela- 
tionship of the great vessels, only 15 cases 
were available for a study, whereas, in the 
anatomic study, §4 cases were available for 
analysis. Secondly, ideal opacification of 
the pulmonary artery is often not obtained 
during forward angiocardiography, resulting 
in loss of definition of the actual wall of the 
pulmonary trunk. In this situation the 
great vessels, which appear to be antero- 
posterior in the frontal view, may in reality 
be obliquely arranged. Finally, rotation of 
the patient during the roentgenographic 
study may play a role but certainly not to 
the degree that it does in determining the 
relationship of the ascending aorta to the 
thoracic spine, since the pulmonary artery 
and the aorta are more closely related. 
Turning now to cases of complete trans- 
position with pulmonary stenosis, it would 
seem, judging from cases reported in the 
literature and those observed at this insti- 
tution, that the roentgen appearance is 
often bizarre. Decreased pulmonary vascu- 
lature, an unusual configuration of the 
heart (dextroversion) or a right aortic arch 
may be present (2 cases in the anatomic 
study, 1 of which is the case herein re- 
ported, revealed a right aortic arch). With 
milder degrees of pulmonary stenosis, the 
pulmonary vasculature may appear nor- 
mal. Selective angiocardiograms from the 
left ventricle will demonstrate the presence 
and degree of pulmonary stenosis (Fig. 3, 


af) 
SUMMARY 


The roentgenologic features of 47 pa- 
tients with complete transposition of the 
great vessels studied at necropsy have been 
reviewed. 

On conventional roentgenograms of the 
thorax, the configuration of the heart was 
quite uniform. Cases associated with a 
ventricular septal defect usually showed in- 
creased pulmonary vasculature from birth. 
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Many cases associated with an intact ven- 
tricular septum, particularly those with a 
small or closed ductus arteriosus, will show 
normal pulmonary vasculature during the 
first few weeks of life. On the other hand, 
those with an intact ventricular septum and 
a wide patent ductus arteriosus usually 
show increased pulmonary vascularity. 

Variations in the angiocardiographic fea- 
tures of this condition with special reference 
to the configuration of the aorta have been 
shown. It is suggested that rotation of the 
patient during the roentgenographic study 
plays a significant role in the production of 
these variations. 


Lewis S. Carey, M.D. 

St. Joseph Hospital 

69 West Exchange Street 
St. Paul 2, Minnesota 
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NGIOCARDIOGRAPHY of most con- 
genital heart diseases frequently re- 
quires at least two projections. Conven- 
tional biplane angiocardiography fulfills 
this requirement; however, single plane 
cineangiocardiography, which | is used most 
often at present, necessitates separate 
studies in different positions. Since con- 
trast media are frequently not well tol- 
erated, particularly by cyanotic patients, 
a satisfactory technique employi ing a single 
injection is desirable. In the technique 
described herein cineangiocardiographic ex- 
aminations in multiple successive planes 


are made following a single injection of 


contrast medium. 


TECHNIQUE AND MATERIAL 


The cineangiocardiography in multiple 
successive planes is performed during rapid 
bodv rotation. This 1s achieved by turning 
a platform on which the patient is firmly 
secured. A bearing support permits a 180 
degree rotation of the platform, although 
a rotation of go degrees from the lateral to 
the frontal position is most commonly 
emploved. This platform is adjusted below 
the axis of the rotating crank shaft at a 
distance such that the heart remains within 
view during rotation (Fig. 1, 4-C). The 
supports bearing the rotatable platfor m are 
then firmly fixed to the top of a Universal 
Picker X-Ray table, which is used for 
cardiac catheterization. Sodium diprotri- 


zoate and sodium diatrizoate in amounts of 


1 cc. per kg. of body weight are injected 
under pressures of 4 to 8 kg. per cm.” with 
an automatic Gidlund syringe. An 8 inch 
Picker image amplifier and a 16 mm. cine- 


camera are used. Rapid manual rotation of 


the platform is begun as soon as the radio- 
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paque substance appears at the site of in- 
jection. Twenty-two such examinations 
were performed on 20 children, all below 6 
vears of age. In 16—-cases of tetralogy of 
Fallot, pure E stenosis and com- 
plete transposition—the go degree angle of, 
rotation, from the left lateral to the frontal 
plane was used. In 2 cases of coarctation 
of the aorta, the rotation was carried out 
from a 45 degree left anterior oblique posi- 
tion to the frontal position; in a case of 
hypertrophic subvalvular aortic stenosis 
and another of stenosis of the pulmonarv 
arteries, the rotation was from a 45 degree 
left anterior oblique e position tO à 45 degree 
right anterior oblique position. 


RESULTS 


Our limited experience demonstrated the 
feasibility of obtaining cineangiocardio- 
grams in multiple successive planes cover- 
ing as much as a go degree angle of rotation. 
In this manner, both frontal and lateral 
cineangioc ee ams could be obtained 
in addition to all oblique planes included 
in à 9o degree angle a a single in- 
jection of radiopaque substance (Figs. 2 
through 4, inci iusive). The various struc- 
tures are opacified in succession as the con- 
trast medium progresses in the direction of 
blood flow and these are visualized in dit- 
ferent projections during the body rotation. 
Earlier opacified structures are seen in the 
projections nearest the initial. projection 
chosen at the beginning of the examina- 
tion, whereas later opacified structures are 
demonstrated in other projections at the 
end of rotation. It is therefore advisable to 
start this examination in the position most 
suitable for the study of the structures to be 
opacified at the onset, and then, to rotate 


* From the Montreal Institure of Cardiology and Maisonneuve Hospital, Montreal, Quebec, Canada. 


t Head of the Cardiovascular Laboratory. 
i Radiologist, Chief of the Cardiovasc ular Section, 
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the patient in time to visualize the other 
structures which become opacified later 
and are best shown in these later projec- 
tions. The valve of this approach is illus- 
trated in a case of tetralogy of Fallot 
(Fig. 3, 4, B and C). The outflow tract of 
the right venticle, best studied in the 
lateral and left anterior oblique planes, is 
opacified at the beginning of rotation; the 
infundibular and pulmonary valve stenoses 
are well demonstrated even though the 
pulmonary artery is not vet entirely opaci- 
hed (Fig. 1,7). As the patient is turned to 
the lett anterior oblique position, the con- 
trast medium opacifies the aorta and the 
left ventricle (Fig. 35; and Fig. 4, 4, P and 
C). During this rotation from the left 
lateral to the left anterior oblique position, 
the interventricular septum becomes per- 
pendicular to the screen and is well demon- 
strated whenever both ventricles are opaci- 
hed. By the time the patient is in the 
frontal plane, the large vessels are filled 
with opaque substance (Fig. 3C), and the 
size and position of the pulmonary arteries, 
aortic arch and subclavian arteries may 
then be evaluated. 

It was found after the first trials that, if 
rapid rotation was started as soon as the 
contrast medium appeared at the site of 
injection, both frontal and lateral views 
proved to be satisfactory. In 2 earlier 
cases of tetralogy of Fallot, the examina- 
tion was repeated because rotation had 
been too slow in one case and too fast in 
the other. In 4 other cases of tetralogy of 
Fallot, a second study was obtained in the 
anteroposterior position. The frontal pro- 
jection had been inadequate in 1 case be- 
cause of slow rotation but it had been 
satisfactory in the other 3. The repeat 
studies in the frontal projection in these 
latter 3 cases did not give better images 
than those obtained with the rotation tech- 
nique. In one case, however, a case sus- 
pected to have a tetralogy of Fallot, the 
aorta did not opacifv after injection into 
the right ventricle below the pulmonic 
valve, but after a repeat injection into the 
right ventricular inflow tract, the frontal 
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hic. 1. Rotatable platform in three different positions: 
(4) lateral; (B) left anterior oblique; and (C) 
frontal position. The patient is firmly secured by 
belts at the level of the thorax, abdomen, legs and 
arms. The head is also immobi'ized to prevent 
whipping during the rapid manual rotation (8). 


cineangiocardiograms showed early opaci- 
fication of the aorta. 

The cineangiocardiograms obtained in 
this fashion in 3 cases of pure pulmonic 
valve stenosis were satisfactorv (Fig. 2, 
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Vic, 2. Top. (4, B, C and D) Single frames of cineangiocardiograms, made during body rotation from left 


lateral to the anteroposterior position following a single injection of radiopaque substance, show pulmonary 
valve stenosis. (4) Frontal position; (8) left anterior oblique position at approximately 75 degrees; (C) left 


Bottom, (A, B, C and D) Schematic drawings traced from the enlarged cineangiocardiographic image: 
i= right ventricle; 2—infundibular stenosis; 3— so-called third chamber with dome shaped pulmonary 


anterior oblique position at approximately 45 degrees; (D) approaching the frontal plane. 
4 
4 


~~ 


valve; 4 in 4—jet of radiopaque substance passing through the stenotic valve; 4 in — pulmonary valve; 
£— main pulmonary artery; 6— right pulmonary artery; 7 —left pulmonary artery. 
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(B) ventricular septal effect and slight to no overriding of the aorta in a 75 degree left anterior oblique 
position; (C) good opacification of the pulmonary arteries, aorta, brachiocephalic and left subclavian 
arteries in the frontal plane. 

Bottom. (4, B and C) Schematic drawings traced from the enlarged cineangiocardiographie image: 
| — right ventricle; 2—infundibular stenosis; 3 —dome shaped pulmonary valve; 4 — jet of contrast medium 
passing through the stenotic valve; 5 — pulmonary artery; 6— ascending aorta; 7; —left ventricle; 3—1inter- 


ventricular septum; g—right pulmonary artery; 10—left pulmonary artery; 11— brachiocephalic artery; 
12 — left carotid artery; 13— left subclavian artery. 
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: In 2 cases of coarctation of the aorta, 


satisfactory left anterior oblique and fron- 
tal studies were obtained using a rotation 
from a 45 degree left anterior oblique posi- 
tion to the frontal position. 

In 1 case of hypertrophic subaortic steno- 
sis, a rotation from a 45 degree right ante- 
rior oblique position to a 45 degree left 
anterior oblique position was attempted. 
Satisfactory images were obtained from 
the right anterior oblique to the frontal 
plane but the left anterior oblique studies 
were inadequate due to incomplete filling of 
the left ventricle at the time rotation had 
been completed. Stenosis of the pulmonary 
artery at its bifurcation was well demon- 
strated in 1 case by using a rotation from 
the 45 degree right anterior oblique toa45 
degree left anterior oblique position. 

In 1 case of complete transposition of the 
great vessels, separate injections in both 
ventricles and rotation from the left an- 
terior to the frontal position gave satis- 
factory lateral, left anterior oblique and 
frontal views (Fig. 4, 4, B and C). 


DISCUSSION 


In most cases, with the exception of 
tetralogy of Fallot, rotational multiplane 
cineangiocardiography has no advantage 
over the simultaneous biplane method. In 
fact, the information obtained at the onset 
and at the end of rotation is not as com- 
plete; however, it is satisfactory for diag- 
nostic purposes and in securing the infor- 
mation necessary to the surgeon. Ás com- 
pared to single plane cineangiocardiog- 
raphy, the technique offers several advan- 
tages. It is less time consuming and requires 
only one injection of contrast medium. 
Nevertheless, the information obtained at 
separate examinations may in some cases 
be preferable and worth the time and risks 
involved. 

On the other hand, this technique ap- 
pears to be superior to other known tech- 
niques in the study of tetralogy of Fallot. 
It permits a precise evaluation of the de- 
gree of overriding of the aorta. Complete 
preoperative studies of a patient with 
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tetralogy of Fallot should demonstrate the 
right ventricular outflow tract, the ven- 
tricular septal defect, the degree of over- 
riding of the aorta, and the size and posi- 
tion of the pulmonary, arteries, aorta and 
subclavian arteries. According to Kjellberg 
et al? at least two projéctions, the frontal 
and lateral are required. Abrams and 
Kaplan! prefer using both oblique projec- 
tions. The lateral and left anterior oblique 
studies demonstrate the right ventricular 
outflow tract. The large vessels and sub- 
clavian arteries are best visualized in the 
frontal projection. The degree of overriding 
of the aorta is evaluated indirectly. by the 
degree of dextroposition and anteroposition 
of the aorta, best studied in the frontal and 
lateral plane respectively. The time and 
degree of opacification of the aorta in rela- 
tion to that of the pulmonary artery are 
not reliable signs of overriding because they 
are also functions of the site of injection in 
the right ventricle. It is our impression that 
a more direct means of assessing the degree 
of overriding is to relate the position of the 
root of the aorta to that of the interventric- 
ular septum. The septum is well visualized 
as a nonopacified structure only when it is 
perpendicular to the screen, providing that 
both ventricles are opacified (Fig. 5, 4—C). 
The ideal projection which permits a 
proper view of the septum cannot always 
be determined beforehand because of the 
individual variation in its orientation. This 
plane appears to be somewhere: between 
the left lateral and a 45 degree left'anterior 
oblique position, rendering visualization of 
the septum possible as; it becomes perpen- 
dicular to the screen; and thus enabling one 
to estimate its position in relation to the 
aorta. This information mav help to select 
patients for surgery, since complete surgical 
correction is hazardous and difficult when- 
ever overriding is marked. 

The experience obtained thus far is too 
limited to permit definite conclusions. The ` 
orientation of the septum and the degree of 
overriding of the aorta in tetralogy of 
Fallot are now being studied in this fashion, 
but with the aid of a marking device in- 
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Fic. 4. Single frames of cineangiocardiograms obtained during body rotation from the left lateral to the 


Fic. 5. Top. ( (4, B, C and D) Single frames of cineangiocardiograms taken during body rotation tollowing a 


anteroposterior position in a case of complete transposition. 

Top. (4) Left lateral, (B) left anterior oblique, and (C) frontal view, following a single injection of 
radiopaque substance in the right ventricle. The aorta arises from the ri ight ventricle and the pulmonary 
artery is not opacified. 

Bottom. (A, B and C) Similar projections following a single injection in the left ventricle. The pulmonary 
artery arises from the left ventricle. C shows the pulmonary veins and the left atrium. 
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single injection of radiopaque substance in the right ventricle, showing varying degrees of overriding of the 
aorta in 1 cases of tetralogy of Fallot and in a case of complete transpos sition of the great vessels. (7) No 
overriding; (B) slight overriding; (C) marked overriding; (D) aorta arising entirely from the right ventricle 
in à case of complete transposition. The septum is well visualized in all 3 cases of tetralogy of Fallot. 

Bottom. (4, B, C and D) Schematic drawings traced from the enlarged cineangiocardiographic imag 
1—right rs 2—infundibular stenosis; 1—stream of contrast medium from the right ventricle to the 


overriding aorta; 4 —left ventricle; 5 —interventricular septum; 6— ascending aorta; 7; — pulmonary arter) 
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dicating the degree of obliquity during 
rotation from the lateral to the frontal 
position. It would also be preferable to have 


a rotating roentgenographic tube instead of 


turning the patient. À similar roentgeno- 
graphic apparatus* is now in use but the 
rapidity of the tube displacement is. not 
sufficient to permit such a technique.? 


SUMMARY 


A cineangiocardiographic — technique 
whereby multiple successive projections are 
obtained following a single intracardiac 
injection of contrast medium is described. 
This multiplane cineangiocardiography is 
achieved by rapidly rotating the patient 
in a go degree angle. Both lateral and 
frontal projections, in addition to the inter- 
mediate oblique projections, are thus ob- 
tained. The method was found most helpful 
in the study of tetralogy of Fallot, particu- 
larly in evaluating the degree of overriding 
of the aorta. 

Lucien Campeau, M.D., F.R.C.P. (C) 
Institute of Cardiology, 

£415 Boul. L'Assomption, 

Montreal 36, P.Q. 


* The £ 
X-Ray Corpa, 


Saturn catheterization table, manufactured by Picker 
Cleveland 12, Ohio. 
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ADDENDUM 


This rotational technique was used for 
coronary arteriography in dogs by FRED 
5. WINTER and J. STAUFFER LEHMAN. 
Rotational  cinefluorography. AM. J. 
ROENTGENOL., Rap. THERAPY & NUCLEAR 
MED., 1959, 62, 120-124. 
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PNEUMOTHORAX AND PNEUMOMEDIASTINUM 
IN THE NEWBORN* 


By CHARLES N. CHASLER, M.D. 
PITTSBURGH, PENNSYLVANIA 


See pneumothorax and 
pneumomediastinum in the newborn 
have been well described, particularly in 
the pediatric literature. Since Ruge! re- 
ported tension pneumothorax in 1878, 
found at postmortem examination, many 
other articles on the subject have been pub- 
lished. Davis and Stevens? in 1930 re- 
ported 6 cases of pneumothorax noted on 
routine roentgenographic examinations of 
702 consecutive newborn infants. No in- 
formation as to the presence of clinical 
manifestations was recorded. This is an 
incidence of approximately 1 per cent. De- 
Costa‘ found a total of 67 reported cases up 
to 1940. A review of the English medical 
literature by Howie and Weed’ in 1957 re- 
vealed 151 cases. These did not include 
pneumomediastinum and pulmonary inter- 
stitial emphysema, when unaccompanied 
by pneumothorax. Lubchenco? reported 27 
additional cases of spontaneous pneumo- 
thorax—17 or 73 per cent were in premature 
infants. Recently, Lyon? reported 10 cases 
of pheumomediastinum; the incidence in 
his series was approximately 1.8 per cent. 

It is our purpose to report our experience 
over a period of 14 years, from 1948 to 
1962. During this time approximately 
80,000 babies were delivered at Magee- 
Womens Hospital, Pittsburgh, Pennsyl- 
vania. Thirty-six cases of pneumothorax 
and/or pneumomediastinum were en- 
countered, an incidence of 0.04 per cent. 
Both of these pathologic entities have been 
considered together because of the close 
relationship noted during this study. Of the 
36 cases, 50 per cent showed pneumomedias- 
tinum alone; 20 per cent showed pneumo- 
thorax alone and 30 per cent showed both. 

Cases were selected and diagnosed ac- 
cording to the following criteria: (1) Spon- 


taneous pheumothorax: the presence of gas 
in the pleural spaces without obvious cause 
of infection, injury or surgery; and (2) 
pulmonary interstitial and  mediastinal 
emphysema or airblock: extraneous collec- 
tions of air in the interstitial tissues of the 
lungs, the mediastinum and their fascial 
extensions. 


CLINICAL DIAGNOSIS 


The possibility of the presence of pneu- 
momediastinum and/or pneumothorax 
should be considered in all infants showing 
manifestations of respiratory distress at 
birth. It must be remembered, however, 
that the infant mav appear normal at birth 
and develop symptoms within 24 to 36 
hours. Cases with Gepressed heart rate dur- 
ing labor, with or without meconium 
stained fluid, are, in particular, candidates 
for either pneumomediastinum and/or 
pneumothorax. Symptoms may vary from a 
slight increase in respirations to acute des- 
perate dyspnea and cyanosis. The diagnosis 
is most often suspected by physical signs, 
and then established by roentgenograms. 
With pneumothorax the physical signs are: 
subcostal retraction, decreased or absent 
breath sounds on the involved side, hyper- 
resonance to percussion and displacement 
of the heart to the opposite side. With 
pneumomediastinum, the sternum bulges 
anteriorly, there is hyperresonance over 
the sternum and diminished intensity of 
the heart tones. Hammon’s sound may be 
present; this is a crackling sound heard 
synchronously with the heart beat. 


ROENTGEN FINDINGS 


Pneumothorax may exist alone, either 
unilaterally or bilaterally. Such a diagnosis 
is usually easily made. The radiolucent air 


* Presented at the Sixty-fourth Annual Meeting of the American Roentgen Ray Society, Montreal, Quebec, Canada, October 


8-11, 1963. 
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3 Pneumothorax and Pneumomediastinum 
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) Extensive left pneumothorax (arrow) with displacement of mediastinal contents to the right. (2) 
i 


Fourteen hours later. Pneumothorax improved (identical arrow), right lung well expanded. The top arrow 
shows evidence of rotation of infant causing spurious shift of mediastinal contents to right. 


space without lung markings mav be clearly 
visible, although an overexposed roentgeno- 
gram will completely obliterate free air. 
Mediastinal structures may be shifted to 
the opposite side; however, this is not 
necessarily a concomitant finding (Fig. 1, 4 
and B). A roentgenogram taken in deep 
expiration usually accentuates the degree of 
collapse of the involved side. The lung may 
herniate across the mediastinum. The ves- 
sels of the opposite lung may be engorged. 
Certain definite pitfalls do occur in the 
roentgen diagnosis of pneumothorax. Skin 


folds in the axillary areas (Fig. 2) or the 
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Possible error in diagnosis 
axillary area (arrows). 


Fig. 3. 





overlving scapula (Fig. 3) may resemble a 
pneumothorax The vertical fissure line 
Davis? along the right lower 





described by 
lateral hemithorax could be misinterpreted 
as à small pneumothorax (Fig. 4). Slight 
rotation of the chest can easilv obscure a 
minimal degree of pneumothorax. 
Pneumothorax may be combined with 
mediastinal emphysema (Fig. 5, 4 and B). 
In such cases one or several of the above 
listed criteria may be present plus addi- 
tional evidence of pneumomediastinum. 
Such evidence may be detected in both the 
anteroposterior and lateral projections. In 
the frontal projection the heart is outlined 
bv air and its border may be sharper. The 
lobes of the thymus may be shifted giving 











Fic. 3. Possible error in diagnosis—overlying scapula 
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Fic. 4. Possible error in diagnosis vertical fissure 


hne (Davis) (arrows). 
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the “spinnaker sail” sign described by Caf- 
ley! and Moselev.? The mediastinal air 
column outlines the medial borders of the 
lungs and lateral margins of the heart and 
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thymus. The thoracic vertebral column is 
better delineated (Fig. 6). The lateral view 
may reveal small collections of air in the 
anterjor mediastinum that cannot be recog- 
nized in other projections. The sternum 
mav be elevated anteriorly and may bulge 
forward to a marked degree, depending on 
the amount of air collected in the space and 
depending on whether the air can escape 
into the soft tissues of the neck or abdomen 
(Fig. 7). Air may be seen dissecting into the 
soft tissues of the neck (Fig. 8, 4 and B). 
It also may dissect into the pericardium, to 
the peritoneum, to the groin and leg and 
into the connective tissues of the arm, head, 
chest and abdomen. In difficult cases, an 
oblique roentgenogram may show air be- 
tween the heart and thymus. 

Air loculated behind the sternum must 
be differentiated from physiologic and ana- 
tomic structures. In this view, air in the 
pleural space, air in the mediastinum, air in 
distended lung, and loculated pneumo- 
pericardium all have the same appearance. 
Usuallv,loculated air in theanterior medias- 
tinum is located in a higher position and 
may migrate upwards when the subject is 
in the erect posture. At times there is a for- 
tuitous arrangement of shadows simulating 
loculated air. The cartilaginous ends of the 
ribs must not be interpreted as air. The la- 
teral view mav also be misleading if pneu- 
mothorax is present under tension, or if 





Fig, 5. Pneumothorax may be combined with mediastinal emphysema. (7) Frontal view. Arrow points 


to collapsed left lung. (8) Lateral view. Mediastinal air bulges sternum anteriorly (arrows). 
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there is herniation of the anterior medias- 
tinum by an emphysematous lung. A true 
lateral view is extremely important in es- 
tablishing the presence of a pneumomedias- 
tinum. As so vividly described by Lyon,’ 
the direct lateral roentgenogram demon- 
strates the sternal bones within the soft 
tissue shadow of the chest wall. Slight rota- 
tion projects the radiolucent anterior lung 
of the contralateral side forward and it will 
be seen anterior to the sternal ossification 
centers, thus resembling a pneumomedi- 
astinum. Examination of the vertebral col- 
umn and posterior rib cage will confirm 
this rotation of the thorax. 





RESULTS 


The most striking feature of this survey 
is the large number of abnormal labors and 
deliveries often conducive to fetal distres 
(Table 1). Twenty-nine of the 36 babies had 
definite evidence of obstetrical complica- 
tions. This brings up the question whether, 
because these infants were compromised, 
thev required resuscitative efforts which 
contributed to the development of pneu- 
mothorax or pneumomediastinum? On 
careful review of the charts, however, onlv 7 


+ 


cases had mechanical or artificial respira- 








Fic. 6, Pneumomediastinum, Frontal projection. 
The heart is outlined by air and its border 18 
sharper (lower left arrow). The lobes of the thymus 
shifted giving the “spinnaker sail” sign described 
by Catfey and Moseley (upper arrow). The 
thoracic vertebral column is better delineated 
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Fic. 7. Pneumomediastinum. Lateral view. Air out- 
lines thymus (right arrows); sternum bulges 


st 


anteriorly (left arrow). 


tion recorded ; the rest presumably breathed 
without assistance. 

Twenty of the 36 cases in our series had 
immediate outright respiratory distress 
(Table 11). Nine presented minimal mani- 
festations detected clinically at birth. Five 
infants developed positive evidence within 
24 to 36 hours. Two cases presented no 
detectable clinical manifestations at any 
time. Cvanosis was noted in 19 infants; this 
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consisted of either generalized cvanosis or 
limited involvement of the lips and extrem- 
ities. Meconium stained secretion was 
aspirated from the air passages in 14 cases. 
Respiratory difficulty, ranging from no 
respirations for a period of 20 minutes to 
mild involvement was noted. Respirations 
were rapid and shallow and at times re- 
spiratory movement was confined to one 
side, as in unilateral pneumothorax. 

Discrepancies in heart tones occurred 
often. Actual displacement with pneumo- 
thorax was found in 5 cases. Distant heart 
tones were observed in 13 infants. The in- 
tensity and location of heart tones varied 
with the amount and distribution of accu- 
mulated air. Hammon’s sound was only 
recognized once by a clinician. 

A statistical summary of the cases is 
given in Table i and of the pathologic 
entities encountered in Table rv. 


DISCUSSION 


Pneumothorax and/or pneumomedias- 
tinum occurs more often than is suspected 
in the newborn infant. Manv cases are un- 
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doubtedly never diagnosed because com- 
plete roentgenographic study cannot be 
done. Many infants may not present suffi- 
clent manifestations on which to make a 
clinical diagnosis or to warrant a roentgeno- 
graphic study to confirm such an impres- 
sion. The incidence of pneumothorax of the 
a today :s probably close to the 

7 per cent reported by Harris and Stein- 
" "The fact that Davis and Stevens? de- 
tected 6 cases of oneumothorax on routine 
infant roentgenograms makes one wonder 
how many cases may be missed. However, 
the possibility of errors in diagnosis must be 
considered so that the incidence may be 
slightly lower. Ar zhat time, skin folds, ete., 
may have been misinterpreted as pneumo- 
thorax. Moreover, as Lubchenco? has 
shown, pneumothorax mav occur as long as 
44 days after birth and this fact mav affect 
the incidence. 

As noted in Table t1, many predisposing 
factors mav exist. F lowes er, in the ma- 
jority of cases, the exact cause is unknown 
Two mechanisms must be kept in mind in 
the understanding of causal agents en- 
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profection the sternum bulges anteriorly 
indicate the extent of dissection, 


Pneumomediastinum with dissection of air into the soft tissues of the neck. 
mi eh: arp borders of the heart (arrows) and radiolucency over the upper thoracic spine. (5) In the lateral 


LA Frontal view shows 


(left arrow) and the thymus is elevated, The 2 arrows on the right 
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TABLE II 


CASE SUMMARIES OF 36 NEWBORNS WITH SPONTANEOUS PNEUMOTHORAX AND/OR PNEUMOMEDIASTINUM 
(MAGEE-WOMENS HOSPITAL 1948-1962) 





Mo. eS ee Delivery Condition at Birth Diagnosis ‘Treatment Termination  Resuscitation 
t | W-M Mid forceps, nuchal Meconium, intense osit, I geumo orai; Conservative, Improved Aspiration of mu- 
ric loop, 31 hours cried several times, hen Quit quit right— aspiration, cus, none 
aim oxygen 
2 3:125 W-M Low forceps, pri- Cyanosis of extremities de- Pneumothorar Oxygen, Improved None 
mary, uterine inertia, spite oxygen, respiratory left IDHICS 
ruptured membranes difficulty with poor cry 
3 2,690 W-F Normal OA, spon- จั ปอ ดร ล อา ค respiration, Pneumothorar, Oxygen, Improved None 
taneous, indu cry, heart tones dis- left penicillin 
labor tone chalice breath, sounds 
reef 
4 3,315 WM Elderly primi Meconium stained fluid, dif- Pneumothorax, Needle in Expired No autopsy, difi- 
cesarean t resuscitation, fetaldis- right--pneu- mediastinum, cult resuscitation, 
pertension, cephalo- tress, no breath sounds on momediastinum oxygen, bronchoscopy 
pelvic disproportion right negative 
S 2,640 W-M 4r weeks, cesarean True knot on oars sees dis- , Pneumothoraz, Oxygen Expired, at au- Mechanical resusci- 
section due to fetal tress, respiration E bilateral— — topsy-air in tation, laryn py 
distress minutes, meconium egret pneumomedias- m tinum, aspiration of 
generalized cyanosis, tinum interstitial en- bright red mucus 
marked symptoms post- physema of me- 
maturi diastinum and 
lungs 
6 2,700 W-F vida, trau- Cyanosis Pneumothoraz, Artificial Improved Artificial respira- 
matic decomposition, left respiration tion 
heavy medication 
ๆ 2,403 W-M RH positive, twins, No respiration for 20 min- Pneumothorax, Oxygen, Improved Associated imper- 
(secon int. podalic version utes, much mucus, asphyxia left aspiration forate anus, hemi- 
twin) and extraction, pre- livida vertebrae, 
mature labor, prema- respiration and as- 
ture rupture em- piration 
branes 
8 4,165 WM Low transverse ar- Spontaneous respirations, Pneumothorax Oxygen Improved None 
rest, mid forceps, age asphyxia li 
40, gravida heart sounds distant and to 
right of sternum : 
9 3,2235 WF LOA, low forceps, Meconium,limp, rapidshal- Pneumomedias- Caffein, ory- Improved No artificial respi 
age 44, postmature low respiration, no cyanosis tinum gen ration, gastric Te 
age, large amounts 
of green fluid 
ro 2,850 W-E OA, spontaneous Shallow respiration, good Pneumomedias- Oxygen Improved, None 
cry, no ae in 2 days tinum hepatitis 
cyanosis and shallow respi- 
rations 
II 3,585 WM ROA-OA, low for- Long green cord, almost c neumonediag: Orygen Improved None 
ceps, 44 Weeks, post- gangrenous tinum 
mature, precipitous 
labor 
12 3,290 W-F Low forceps, normal Asphyxia livida, fetal dis- peo Oxygen Improved Artificial 
tress, loops of cord-short tinum respiration 
cord, heart tones distant, 
respiration delayed 5 min- 
utes 
X3 3:705 W-M ROP, rotation, mid Mild cyanosis, normal at r2 Pneumomecias- Oxygen Improved Nono 
forceps, traumatic hours tinum 
delivery 
14 2,895 W-F ROP-OA, mid Mild cyanosis-a ag, hens ove Pneumothcrax, Oxygen Improved None 
forceps entire body on ' eart left—pneumo- 
sounds distan mediastinum 
15 3,7210. W-M LOP, mid forceps, Aspirated meconium, sub- Pneumomedias- Oxygen, Improved None 
: rotation, cephalopel- sternal and suprasternal re- tinum penicillin ai 
vic disproportion traction 
16 3,900  W-M LOA, low forceps Baby flaccid, cyanotic, as- Pneumothorar, Oxygen, Death Congenital anomal 
piyaa livida, respiratory  bilateral— in, of kidney and - 
tress, narcosig-mucus as- pneumomedias- streptomycin der, pneu- 
en tinum monia 
17 3,925 WM  LOP-OA, midíor- Limp, cyanotic, fetal dis- Pneumomedias- Oxygen, Improved Mongolism, none, 
CEps, age AT, I9 yr. tress, meconium in noseand tinum penicillin aspiration from 
history of s throat, feeble cry, asphyxia nose, throet and 
livida, meconium stomach 
18 4,145 WF  LOA-OA, spontane- Respiration delayed Pneumothorax, Oxygen Death, autopsy- Aspiration from 
ous, 44 W ,post- utes, cyanosis = ET hy- bilateral— . hyaline เฉ ฑา nasopharynx and 
mature, p- perresonant pneumomedias- brane stomach, air aspi- 
siz, positive serology, um 4+ serology rated from medias- 
cavily medicated, tinum, ertificlal 
no care respiration 





19 


20 


2i 


22 


23 


24 


25 


26 


27 


28 


29 


30 


31 


32 


34 


35 


36 


3,440 


2,780 


2,285 


2,750 


3,305 


3,060 


3,599 


2,708 


3,675 


3,065 


2,945 


3,625 


2,710 


2,985 


3,099 


Color 
Sex 


W-F 


W-M 


WM 


W-M 


W-M 


N-M 


W-M 


W-F 


N-F 


N-M 


Delivery 


LOA, low forceps 


Breech, amnionitis, 


uterine dystocia, 
cesarean section 


Precipitous labor 


LST, frank breech, 
primary uterine in- 
ertia, $ weeks pre- 
mature, membranes 
ruptured for 2 days 


LOT-OA, mid for- 
ceps, heavy ae ร 
tion, postmature by 
date and appearence 


Twins; LOA, low for- 


mild pre- 
eclampsia 


LOA, low forceps, 
postmaturity 


Derik with 


LOA, low forceps 
Normal delivery 


Frank breech, RSA, 
cesarean section, in- 
ertia of labor, 

ture rupture em- 
branes-26 kours. 


LOT-OA 


Postmature 
LOA, mid forceps 
Prolonged labor, low 


forcepa, tmature, 
heavily Dedicated 


Normal delivery 


a prenatal care, 
abruptio 


nuchal oats COPS 


Low forceps 
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Taere II (Continued) 


Condition at Birth 


Spontaneous cry, heart 
sounds louder on right, no 
cyanosis early, later slight 
peripheral cyanosis 


One breath at r minute, 
then limp and flaccid for 4-5 
minutes, respiratory difi- 
culty, no cyanosis, sternal 
retraction 


Much mucus in mouth and 


nose, moder&te generalized tin 


cyanosis with retraction, 
dyspnes, 140 heart rate 


Cried spontaneously, nor- 
mal at birth, distress 17 


sounds in t apex 
Respiratory distress at 
birth: heart sounds on wight, 


color good with - 
nosis of hands and teet eus 
meconium 


Heart tones on right side, 
no murmurs, lungs clear, 
true knot? heart sounds 
“tappy” 

Good cry and color, systolic 
murmur, EKG-possible 
right ventricular strain 


Thick meconium at birth, 


Diagnosis Treazment 


Pneumothorax, Oxygen 
left 


Pneumomedias- Oxygen, 
tinum penicillin 


Pneumomediag- Oxygen 
um 


ao momes: Oxygen 
tinum 


Pneumothorar, Oxygen, 
left—pneumo- penicilin. 
mediastinum 


Pneumothorax, Orygen 
left 


Pneumomedias- Oxygen 
tinum 


Pneumomediss- Oxygen 


distant heart sounds, posi- tinum 


tive pressure for 20 minutes, 

retraction, did not breathe 

for 20 minutes, 

distress since hi aspi- 

rated mucus,  crepitant 

A two loops sround 
-tight 


Spontaneous respirations, 
ay physical examina- 
tion negative, no symptoms 


Breath sounds suppressed 
in left cheat, heart tones 
distant, no cyanosis at birth 


Slow to breathe spontane- 
- ously no cyanosis, heart 
sounds distant 


Spontaneous respirations, 
poor color, slightly anona 
distant heart sounds, much 
mucus 


Meconium stained, no cya- 
nosis, chest retraction 


distress im- 
mediately, ht cyanosis 
later, distant heart sounds, 
grunting respirations 


Fetal anoxia, respirations 
delayed I minute, meconium 
stained, cyanotic, distant 
heart sounds 


Respirations delayed 2 min- 
utes, cyanotic at birth, dis- 
tant heart sounds, chest hy- 
perresonant 


Prominent sternum, mucus 
stained, apnea 2-3 minutes 


No respira 


Cyanosis, cry spontaneous 
but weak, resuscitation, 
Muere t SDE grunt, mini- 

tal retraction, 


anna ke heart sounds 


Pneumomedias- 
tinum 


ano EE 
—pneurmo- 
mediastinum 


Pneumothorar, Oxygen 
right—pneumo- 
mediastinum 


Pneumothorax, Oxygen 
right—pneumo- 
mediastinum 


Pneumomediss- Oxygen 
tinum 


LOGS Oxygen, 
suction 


Pneumomedias- Oxygen 
tinum 


eis EE Oxygen 
tinum 


Pneumomedias- Oxygen, 
tinum an eins 


ru E 

t—pneumo- 

mediastinum Tm mou 
tube, air aspi- 
rated from 


pleural space 


streptomycin 


Termination 


Improved 


Improved 


Improved 


Improved 


Improved 


Improved 


Improved 


Improved 


Improved 


Improved 


Improved 


Improved 


Improved 


Improved 


Improved 


Improved 


Improved 


Death 


Marcy, 1964 


Resuscitation 
and Remarks 


None 


None 


Jaundice, 


none 


None 
None 


None 


None 


Artificial respira- 
i endotracheal 
intu n suction 


None 
None 


None 


None 


Artificial respira- 
tion 


Multiple congenital 
anomalies, hyaline 
membrane disease 
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countered clinically. First, pathologic proc- 
esses of the respiratory parenchyma and, 
secondly, mechanically induced overventil- 
ation or distention of the alveoli. Either or 
both of these may result in weakening of 
the walls of the respiratory tract and con- 
tribute to a break in the continuity of its 
wall. In pneumothorax of the newborn in- 
fant due to congenital deformities of the 
respiratory system, local trauma, or neo- 
natal infections, the pathologic lesion is the 
more important. However, in labored res- 
pirations, secondary to obstruction due to 
tenacious secretions in the bronchial tree, 
overdistention plays a causal role. 

The probable explanation of the genesis 
of spontaneous mediastinal emphysema is 
contained in a series of experiments per- 
formed by Macklin and Macklin.|^" By 
artificially increasing the intrapulmonary 
pressure in a lobe of the lung of cats and 
other animals, they were able to demon- 
strate that the air enters the perivascular 
sheaths of the finer branches of the pul- 
monary vessels, presumably through the 
numerous minute ruptures in the walls of 
the alveoli. As the increased intrapulmon- 
ary pressure continues, the small bubbles of 


TABLE Ill 
STATISTICAL SUMMARY 





เษ chad cece ght bot ah wp 3: 3890 23 
เฉ 2 23 33 330 13 
แล 1 ๓ 2 ว no 
DN an a A uo uu ce ote ME Lh cse a I doe 3 
ล ง 33 8 ฝ 4940 โ 4 ไว 2 ฝ 33 
เ เ ลา ท ศา ล 3 3 0 d nes 3 
PFeHi S CUPÉ coo eos o ide ba ri None? (1 twin) 
AMIN ME VI ur TRUM 2 
Postnaturte. 3 233331313++1 1 8 
Artificial ช ๑ ร อ 1 ชล ย ์ อ ท 2202. น น น น น น น 668 7 
เซ ว เก e aureis dace d aired ides 5 
Pneumothorax bilateral—pneumomediasti- 
ว ก ก เร ร ร ร ร ทร ร ร ร ร ร ร ร ร ร พร ร ร ส กา รา ก ร ร 
Pneumothorax, right—pneumomediastinum. 1 
Pneumothorax, left—pneumomediastinum.. 1 
Weight 
Over 4,000 gifs sannan ERG ENG SM ERES 2 
24500243000 iit nso os GSE IO 
300073; OO วน น ระ ร ร ร ง อ ร ส ว พ ร II 
2,500-3,000 EM... aeaa su ep REN RETE RA II 
2:000, 500. RIN agri ck nS Mee e dotes 2 (1 twin) 


(1 postmature) 


Pneumothorax and Pneumomediastinum 


Taste IV 
PATHOLOGIC ENTITIES 
Eneumothorax. fight c 3 ed o 
Pneumothorax, left......... a i Gs 7 
Pneumothorax, bilateral, ................... ๐ 
ได ้ ห ร ธ เ เ หอ ฑา ล ส ์ โล ร บ์ ท น. น 220 น 9668 18 


Pneumothorax, bilateral—pneumomediastinum 3 


Pneumothorax, left—pneumomediastinum..... 4 
Pneumothorax, right—pneumomediastinum.... 4 
Pneumomediastinum with neck dissection...... 4 
Pneumothorax, unilateral—pneumomediasti- 
num with neck dissection. ................ 1 
Pneumothorax, bilateral ——pneumomediastinum 
with neck dissection........... 0.00: seus 1 
Hyaline membrane disease (autopsy study).... 3 


air coalesce into large ones as they move 
toward the root of the lung through the 
artifically produced channels in the vascu- 
lar sheaths. At the root of the lung, the air 
bubbles may merge into large blebs which 
can impede pulmonary circulation. Fur- 
ther leakage causes these blebs to break 
through into the mediastinum. The air in 
the perivascular sheaths may extend into 
the adjoining connective tissue and dissect 
a pathway toward the pleura where it may 
form a subpleural bleb, particularly in the 
region of the root of the lung. Rupture of 
this bleb may produce a pneumothorax. 
The paths of extension of air in the 
mediastinum are as follows: The air tends 
to follow with predilection the fascial 
planes, particularly the sheaths surround- 
ing blood vessels. It may spread upward 
into the root of the neck, the face, axilla, 
anterior chest wall and arms. It is possible 
for it to dissect up along the sides of the 
trachea to the floor of the mouth, extending 
under the base of the tongue which becomes 
elevated. It may extend forward between 
the parietal pleura and pericardium to ap- 
pear as blebs overlying the heart, laterally 
into the opposite lung and downward into 
the retroperitoneal space where it may out- 
line the kidneys, ureters and renal vessels. 
Hamman! suggests that rupture of air from 
the mediastinum into the pleural cavity is a 
possible explanation as to why, in some 
cases, the development of benign pneumo- 
thorax may be beneficial. By collapsing the 


^ 
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Jung the pneumothorax stops further leak- 
age of air into the vascular sheaths, relieves 
the pressure on the mediastinal structures 
and frees the circulation in the lungs. 

Recently, Ziegler postulated that idio- 
pathic spontaneous pneumothorax may 
have a familial tendency and is probably 
transmitted by a dominant autosomal gene. 
This was based on case histories of 8 pa- 
tients. 


TREATMENT 


Treatment of the condition depends on 
the severity of the symptoms. If manifesta- 
tions are minimal, no treatment is neces- 
sary. Gentle suction may be used to clear 
the air passages. Oxygen may be indicated 
to relieve dyspnea and cyanosis. Prognosis 
is usually excellent; but in the event of 
severe symptoms, aspiration of the medias- 
tinum 1s advisable. Air may be present in 
loculated bubbles so that cautious explora- 
tion is necessary. Antibiotic therapy may 
be used. Thoracotomy or aspiration may be 
necessary in patients with tension pneumo- 
mediastinum. If air dissects up into the 
neck, the tissue serves as a safety valve. If 
it ruptures into the pleura, a pneumothorax 
develops and treatment is difficult. Evi- 
dence of increasing or tension pneumo- 
thorax may require thoracentesis and con- 
tinuous drainage by way of an underwater 
tap. 

SUMMARY 


I. From 1948 to 1962 approximately 
80,000 babies were delivered at Magee- 
Womens, Hospital, Pittsburgh, Pennsyl- 
vania. A review of all roentgenograms for 
the evaluation of respiratory distress in 
these babies shows 36 cases of pneumo- 
thorax and/or pneumomediastinum—an 
incidence of 0.04 per cent. 

2. Pneumothorax and pneumomediasti- 
num must be considered in all infants show- 
ing manifestations of respiratory distress at 
birth. 

3. Usually, there is a history of a definite 
obstetrical problem. Twenty-nine of the 36 
babies had definite evidence of obstetrical 
complications. 


Charles N. Chasler 
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4. Signs and symptoms are present and 
must be recognized—cyanosis, meconium, 
respiratory difficulty and especially im- 
paired heart tones, either distant or dis- 
placed. Twenty of the 36 cases had out- 
right respiratory distress. Nine presented 
minimal manifestations detected clinically 
at birth. Five infants developed positive 
evidence within 24 to 36 hours. 

5. Roentgen criteria: (a) The diagnosis 
of pneumothorax is not difficult. The radio- 
lucent air space without lung markings may 
be clearly visible. The opposite lung shows 
impaired aeration. The vessels of the op- 
posite lung may be engorged. The medias- 
tinal structures may or may not be shifted 
to the opposite side. A roentgenogram 
taken in deep expiration accentuates the 
degree of collapse of the involved side. (b) 
Pneumomediastinum presents more of a 
problem; follow-up ^ roentgenograms, 
oblique views, horizontal and erect posi- 
tioning may be necessary. In the frontal 
projection the heart and lobes of the thy- 
mus may be distinctly outlined by air. A 
lobe of the thymus may be shifted giving 
the “spinnaker sail" sign described by 
Caffey and Moseley. The thoracic verte- 
bral column is better delineated. A true 
lateral view is imperative. The sternum 
may be elevated and may bulge forward to 
a marked degree depending on the amount 
of air collected in the retrosternal space. 
There is retrodisplacement of the medias- 
tinal contents. The thymus may be ele- 
vated and sharply delineated. Retro- 
pharyngeal soft tissue air dissection may be 
noted. 

6. Pneumothorax and pneumomedias- 
tinum often occur concomitantly. Our 
series revealed 50 per cent pneumomedias- 
tinum, 20 per cent pneumothorax alone, 
and 30 per cent combined. 

7. Differential diagnosis: (a) Pneumo- 
thorax must be differentiated from skin 
folds, the overlving scapula and the vertical 
fissure line of Davis. An overexposed 


roentgenogram may completely obscure- 


free air. (b) As regards pneumomedias- 
tinum, a radiolucent anterior retrosternal 
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space does not necessarily indicate free air. 
Other physiologic and anatomic structures 
must be considered. In the lateral view, air 
in the pleural space, air in the medias- 
tinum, air in distended lung and loculated 
pneumopericardium all have the same ap- 
pearance. 

8. Treatment depends on the severity of 
the symptoms. If manifestations are mini- 
mal, no treatment is necessary. Gentle suc- 
tion to clear the air passages, oxvgen and 
antibiotic therapy may suffice. If symp- 
toms become severe, we must be prepared 
to recommend aspiration. For a pneumo- 
thorax under tension, thoracentesis and 
continuous drainage bs way of an under- 
water tap may be necessary. 


CONCLUSIONS 


Pneumothorax and/or pneumomedias- 
tinum must be considered in all infants 
presenting. manifestations of respiratory 
distress at birth. The incidence in our 14 
year period of observation was 0.04 per 
cent. An obstetrical complication is often 
present. The diagnosis is first suspected 
clinically and then may be confirmed roent- 
genologically. The roentgen diagnosis of 
pneumothorax i is not difficult. The diagno- 
sis of pneumomediastinum presents a 
slightly more complex problem. Treatment 
IS ง supportive, although aspiration 
and thoracentesis may be necessary. 


Department of Radiology 

University of Pittsburgh Medical Center 
Magee-Womens Hospital 

Forbes Avenue and Halket Street 
Pittsburgh 13, Pennsylvania 
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MEASLES PNEUMONIA IN AN ADULT* 
By JAMES L. QUINN, III, M.D.t 


WINSTON-SALEM, NORTH CAROLINA 


HE roentgenographic findings in the 

chest in cases of childhood rubeola 
have been described in detail.!24-77.911-14 
This disease is much less frequent in the 
adult but it does occur. In 1955, Pegni!® 
reported 64 cases of adult measles in a mili- 
tary base but the chest roentgen findings 
. were not described and the exact diagnosis 
was uncertain. A review of the literature 
revealed no specific reports of roentgeno- 
graphic findings in adults with rubeola. 

Abnormalities of the chest in rubeola can 
be observed in two separate systems: (1) 
pulmonary, and (2) reticuloendothelial. 
These systems are involved independently 
of each other. 

Roentgénographically, the pulmonary 
changes vary from slight pleural reaction to 
massive consolidation and atelectasis in- 
volving any or all lobes, but having a predi- 
lection for the lower lobes.? The incidence of 
pulmonary infiltration varied from 25 per 
cent" to 77 per cent.” 

The reticuloendothelial system exhibits 
moderate to massive hilar and mediastinal 
lymph node enlargement with variable 
lymphogenous accentuation. The incidence 
of this finding varied from 64 per cent? to 
nearly 100 per cent? 

Immune serum’ and antibiotics! may 
alter and decrease the pulmonary findings 
and complications, but have no effect on 
the hilar lymphadenopathy. 

The lymph node enlargement reaches a 
peak at the time of the rash eruption and 
regresses shortly thereafter. The pulmonary 
infiltration, appears in the late prodromal 
stage or in the early stage of rash eruption. 
Eighty per cent of the patients who develop 
pulmonary infiltration do so before or at 


the time of the rash eruption.'? The pulmo-, 


nary infiltration may persist and progress 
after the rash has disappeared. 


The lymph node enlargement regresses 
during the exanthematous stage and before 
the pulmonary changes clear up. Both the 
reticuloendothelial and pulmonary changes 
usually disappear within 6 to 10 months.* 

In cases which prove to be fatal the pul- 
monary infiltration persists and progresses 
while the lymph nodes return to normal 
size. 

The following case is reported as repre- 
sentative of the usual course of rubeola in 
an adult. 


REPORT OF A CASE 


A 31 year old man was admitted to the North 
Carolina Baptist Hospital on January 5, 1962 
with the chief complaint of a cold. Ten days 
prior to admission he noted mild rhinorrhea and 
6 days later developed a dry cough, chills, fever, 
malaise, nausea, vomiting and diarrhea. He re- 
ceived penicillin and cough medicine from his 
physician without relief. Although unable to re- 
tain food or liquids for 3 days, he continued to 
have up to 6 watery bowel movements per day. 
No myalgia, dyspnea, chest pain or hemoptysis 
was present. 

The temperature was 102°F., the pulse 84 and 
the respirations 26. The blood pressure was 122 
systolic and 8c diastolic. An erythematous, 
maculopapular ‘rash was noted over his face, 
thorax, abdomen,- buttocks and proximal ex- 
tremities. The palms and soles were uninvolved. 
He stated that the rash had appeared the day of 
admission. 

Several small, nontender cervical and axillary 
lymph nodes were found. The conjunctiva and 
mucous membranes were injected and typical 
Koplik’s spots were noted on the buccal mucosa 
by the pediatric consultant. | 

Crepitant rales were heard in both lung bases. 
There was no demonstrable organomegaly: A 
neurologic examination was normal. The pa- 
tient gave no history of being exposed to mea- 
sles. 

Urinalysis was normal. Examination of the 
blood revealed a hemoglobin of 13.8 gm. per 100 


* From the Department of Radiology, Bowman Gray School of Medicine and the North Carolina Baptist Hospitals, Inc. 
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IG. TI.-1 
hilar lymphadenopathy 











ml. and a white blood cell count of 3,600 with a 
differential of 64 segmented neutrophils, 23 
and neutrophils, 10 lymphocytes and 3 mono- 
cytes. Blood and serum chemistries were nor- 
mal. Stool and throat cultures showed a norma 
flora. Cold and febrile agglutinins were normal, 
The heterophile antibody titer was normal. 
Roentgenograms of the chest (Fig. t, 4 and 
B) showed bilateral hilar lymphadenopathy 


i] 











4) Posteroanterior and (B) lateral roentgenograms of the chest showing massive mediastinal and 
, marked lymphogenous accentuation and bilateral basilar pulmonary infiltration. 


m 


with lymphogenous accentuation and an infi 
tration in both lower lung fields. 

The patient was given fluids and supportive 
care. He received no antibiotics. By the third 
hospital day his temperature was normal. At 





that time the rash was diminishing but also 
spreading to his arms, back and dorsa of the 
T was dis- 





feet. He co d to anc 
charged on the fifth hospital day. 











Fic. 2. (4) Posteroanterior and (B) lateral roentgenograms of the chest made 4 days after Figure 1, 4 and B, 
showing dramatic reduction in the lymphadenopathy, disappearance of the lymphogenous accentuation 


and an improvement in basilar infiltration. 
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white blood cell count at that time was 9,200. 

Chest roentgenograms (Fig. 2, 4 and B) 4 
days after admission showed considerable dimi- 
nution of the hilar and mediastinal lymph- 
adenopathy and a clearing of the lymphogenous 
accentuation in addition to improvement in the 
basilar infiltration. 

The patient was seen 3 months later. He was 
asymptomatic. A serum sample was taken and 
sent, along with his admission serum, to the 
state laboratory for virus studies, It was diag- 
nostic of measles and adenovirus infection. 

Chest roentgenograms taken at that time 
(Fig. 3, 4 and B) showed slight residual lymph 
node enlargement and minimal accentuation of 
the basilar lung markings. 


DISCUSSION 


Measles infection in humans results in 
formation of two types of giant cells: (1) 
Warthin-Finkeldey giant cells, and (2) 
syncytial epithelial giant cells.’ 

The Warthin-Finkeldey giant cells are 
found in lymph nodes throughout the retic- 
uloendothelial system and are considered 
diagnostic of rubeola. They are found dur- 
ing the prodromal stage of measles and 
disappear soon after the onset of the rash. 

Syncytial epithelial giant cells are found 
in the epithelium of the lower respiratory 
tract. Interstitial pneumonitis in associa- 
tion with these giant cells constitutes the 
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chief morphologic criterion of giant cell 
pneumonia. 

The syacytial epithelial giant cells ap- 
pear in tissue culture of many viruses In- 
cluding varicella, herpes zoster, herpes 
simplex, measles, distemper and a variety 
of adenoviruses, but the ability to produce 
this giant cell reaction in the lower respira- 
tory tract appears to be a specific feature of 
measles. The measles virus is the only or- 
ganism which has been isolated to date in 
cases of true giant cell pneumonia in hu- 
mans. 

There was a recent case report of fatal 
giant cel! pneumonia in a questionable case 
of measles.* The patient was a 34 year old 
female who was diagnosed and successfully 
treated for lymphosarcoma several years 
before her final admission. One month prior 
to her death she developed severe and pro- 
gressing dyspnea. At necropsy the hilar 
lymph nodes were normal in size but dem- 
onstrated inflammatory hyperplasia. The 
pulmonery findings were typical of giant 
cell (syncytial) pneumonia. The patient 
had developed sore eves, a transient rash 
and a pyrexic illness 1 month prior to death. 
This may be a case of atypical measles with 
progression ot the pulmonary infiltration 
and regression of the hilar lymph node 
enlargement. 





Fic. 3. (4) Posteroanterior and (B) lateral roentgenograms of the chest made 3 months after Figure 1, 4 and 
B, showing slight residual hilar lymphadenopathy and on A a slight increase in the basilar markings. 
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The case reported here illustrates what 
appear to be the typical findings in adult 
measles: dramatic regression of hilar 
lymphadenopathy and lymphogenous ac- 
centuation, with some residual pulmonarv 
infiltration. 3 months later. The part the 
concomitant adenovirus infection had in 
the clinical and roentgen findings is not 
known. 

SUMMARY 


A case of adult measles is presented 
oo positive roentgenographic findings in 
the chest. 

The chest findings in adults are similar 
to those in children affected with rubeola. 

3. Two different types of giant cells have 
been described with measles infection: (1) 
the Warthin-Finkeldey giant cells which 
involve the lymph nodes of the reticulo- 
endothelial system, and (2) the syncytial 
epithelial giant cells which are associated 
with interstitial pneumonitis (giant cell 
pneumonia) in the lung bases. 

4. The extreme hilar lymph node en- 
largement due to measles reaches a peak in 
the late prodromal stage and begins to 
regress when the rash appears. 

5. The pulmonary abnormalities in mea- 
sles usually have occurred by 
the rash eruption but may reappear and 
progress to fatal giant cell pneumonia after 
the rash has disappeared and the reticulo- 
endothelial system has returned to normal. 


James L. Quinn, HI, M.D. 
Department of Radiology 
Bowman Gray School of Medicine 
Winston-Salem 7, North Carolina 


The author gratefully acknowledges the assis- 
tance of Dr. Donald ]. Pizzarello in the foreign 
literature translations and Dr. Henry Cramb- 
lett for his advice in Interpreting the virus stud- 
les. 
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BRONCHOGRAPHY IN INFANTS AND CHILDREN 
BARIUM SULFATE AS A CONTRAST AGENT 


By CHARLES M. NICE, Jr, M.D., Pu.D.,* WILLIAM W. WARING, M.D.,t 
DONALD E. KILLELEA, M.D.,t and LOWELL HURWITZ, M.D.§ 


NEW ORLEANS, LOUISIANA 


ARIOUS contrast media have been 

used for bronchography in children and 
adults. None is ideal. Objections are di- 
rected toward the chemical agent produc- 
ing contrast (iodine compounds) or toward 
the suspending agent (various oils, polysac- 
charides). 

Iodides are dangerous in the rare case of 
iodine sensitivity and various iodides raise 
the blood level of iodine for variable peri- 
ods of time, thus interfering with isotope 
studies. Iodides in oil may result in elevated 
blood levels for over a year, whereas the 
effect of water-soluble agents is usually not 
noticeable after 6 to 8 weeks. Furthermore, 
oils leave residues which form granulomas. 
On the other hand, they are usually less 
irritating than the water-soluble agents. 

The water-soluble contrast media usually 
have a suspending agent such as sodium 
carboxymethylcellulose to increase viscos- 
ity and prevent alveolization. While this 
substance could also lead to a foreign body 
reaction if retained in the lungs, this par- 
ticular problem is probably greater with the 
oily media. Sulfonamides have been added 
to oily contrast substances to increase 
viscosity, but this also presents an unneces- 
sary hazard in the form of sulfonamide 
sensitivity and formation of methemo- 
globin. 

Those compounds, highly soluble in water, 
have proved very irritating. The substances 
such as propyliodone which are used in so- 
called water soluble media are usually only 
slightly soluble in water. Such media are 
visualized roentgenographically for a much 


longer period if extensive alveolization oc- 
curs; therefore, aspiration and postural 
drainage are important following bronchog-, 
raphy. 

Barium sulfate is a rather inert chemical 
substance; many radiologists have seen pa- 
tients aspirate barium sulfate with little 
harmful effect. In 1956, Di Rienzo and 
Pereira-Duarte* of Argentina suggested the 
use of barium as bronchographic contrast 
agent in adults. This was followed by the 
work of Nelson ef 2/.!5 in the United States 
in 1959. 

Since 1960 we have been using barium 
sulfate for bronchography in infants and 
children.” This report is based on the first 
58 cases in which barium bronchographies 
were performed. 


PREPARATION OF CONTRAST MEDIUM 


Ten grams of micronized barium (micro- 
paque)* is mixed with 20 ml. of an auto- 
claved 2 per cent solution of sodium car- 
boxymethylcellulose (CMC) in saline. An 
even suspension of barium in the viscous 
CMC is easily obtained by adding the 
CMC to the barium and mixing with a 
tongue depressor. This can be done a few 
minutes before the procedure. 


TECHNIQUE 


The technique for performing bronchog- 
raphy in infants and children at the Tu- 
lane Pediatric Chest Clinic was thorough-y 


* Damancy & Co., Ltd., England. Distributed in U.S.A. by 
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described by Waring and Killelea.* This 
' method is a modification of previous tech- 
niques reported by Bates e al! and by 
Bovornkitti and Zabriskie.? 

Postural drainage is carried out on the 
evening before and on the morning of the 
procedure. Pre-anesthetic medication con- 
sists of secobarbital (seconal), hydroxyzine 
hydrochloride (vistaril), and 1-hyoscya- 
mine (bellafoline) in doses proportional to 
‘weight. 

The procedure is performed with the 
roentgenographic unit adjoining the sur- 
gical suite. Bright lighting is maintained in 
the room to allow continuous inspection of 
the patients color and respirations. 
Throughout the procedure, the patient's 
cardiac rate is monitored by at least one 
operator in addition to the anesthesiologist. 

Anesthesia 1s induced with nitrous oxide 
and fluothane. Although fluothane may 
lack the very desirable bronchodilator 
effect of ether, it is nonexplosive and its 
rapid action assures fast recovery for effec- 
tive coughing, deep breathing, and postural 
drainage. 

After tracheal intubation with the largest 
tube easily introduced, an anteroposterior 
chest roentgenogram is made to determine 
the exact position of the endotracheal tube 
with respect to the carina. The previously 
measured No. 15 polyethylene catheter is 
inserted so that the catheter projects 3 to 4 
mm. below the inferior opening of the endo- 
tracheal tube. It is desirable to have the tip 
of the tube about 2 to 3 cm. above the 
carina to ensure delivery of the contrast 
medium into the desired main stem bron- 
chus and possibly to avoid undue alveoliza- 
tion. 

The dose of contrast medium for each 
lung is 1 ml. per year of age, not to exceed 
8 ml. For each lung this dose is divided into 
3 fractions. Fraction 1 is one-half of the 
total dose; fractions 2 and 3 are each one- 
fourth the total dose. Following each frac- 
tion, the patient is positioned to encourage 
filling of the lower lobe bronchi, the middle 
lobe or lingula, and the upper lobe bronchi. 
Unless the disease is primarily left-sided, 
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the right bronchial tree is visualized first. 

As quickly as possible, right posterior 
oblique, right lateral, and anteroposterior 
roentgenograms are taken. The opaque 
medium is aspirated and the patient is 
placed in the Trendelenburg position with 
his right side up. The roentgenograms are 
inspected to determine whether certain 
portions of the right bronchography must 
be repeated, left bronchography begun, or 
the procedure terminated. About 1 hour is 
required to obtain bilateral bronchograms 
from the beginning of anesthesia to the re- 
moval of the endotracheal tube. 

In the recovery room the Trendelenburg 
position is maintained until the child is 
completely awake. A clear airway is main- 
tained. When conscious and able to take 
clear fluids, the patient is returned to his 
ward where postural drainage is continued. 
An erect posteroanterior roentgenogram is 
made approximately 24 hours after the pro- 
cedure to demonstrate clearing. 


RESULTS 


Fifty-eight bronchographies under gen- 
eral anesthesia have been performed in 52 
patients. About one-quarter of the bron- 
chographies were made in infants younger 
than 2 years and about one-half in children 
of less than 5 years of age. The great ma- 
jority were bilateral; the risk involved in 
bilateral bronchographies is that the pa- 
tient needs to be given general anesthesia 
twice and, therefore, evaluation of this as- 
pect is necessary. 

Barium sulfate has proved to be a very 
good contrast agent. The bilateral broncho- 
grams of the patient shown in Figure 1, 4- 
E demonstrate very clearly the presence of 
bronchiectasis in the right middle and lower : 
lobes as well as in the left lower lobe, with 
relatively little alveolization. The final 
roentgenogram (Fig. 2), taken 24 hours 
later, reveals very little residual contrast 
medium in the lungs. Our experience has 
shown that a small amount of the contrast 
agent may remain for several months if 
there is extensive alveolization. The bar- 
ium is ultimately removed by one or more 
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PERCENTAGE OF SEGMENTS VISUALIZED 


Right Left 
(per cent) (per cent) 


Complete filling 45.1 MSN 
Adequate 41.2 49.7 
Unsatisfactory p) par 
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alveolar cleansing mechanisms. We re- 
cently saw an adult patient who had resid- 
ual contrast medium in both lungs from 
bronchography performed with iodized oil 
in 1948. 

In approximately 86 per cent of our pa- 
tients, bronchial filling and roentgeno- 
graphic technique were adequate for diag- 
nosis. The bronchograms were analvzed by 
segments to show the degree of filling of the 
bronchi and alveolization. The segments 
were completely filled or were adequately 
visualized on 87.5 per cent of the broncho- 
grams (Table 1). Approximately 93 per cent 
of the segments showed zero to slight alveo- 
lization, 6 per cent showed moderate and t 
per cent showed pronounced alveolization 
(Table 11). Of 38 patients who had a roent- 
genogram made 24 hours after the proce- 
dure, approximately 78 per cent showed 
slight or no residue, whereas approximately 
22 per cent had moderate residue (Table 
i1). Several others who were followed up to 
5 days showed relatively little or sometimes 
moderate residue. 


COMPLICATIONS 


Patients usually showed very little tem- 
perature change following bronchography. 
The results of 4$ cases were carefully 
analyzed in this regard. Those with less 
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PERCENTAGE OF SEGMENTS SHOWING ALVEOLIZATION 


Right Left 


(per cent) 


Zero to slight 9350 629 
Moderate $.5 6.6 
Marked Tes o. 





Fic. 2. Roentgenogram 24 hours later showing 
clearing of the contrast agent. 


than an o.8°F. change were considered of 
no significance. In 20 cases there was no 
change, in 19 there was a greater than 0.8° 
F. decrease in temperature and in only 6 
cases, or 13 per cent, was there a greater 
than o.8?F. increase in temperature. This 
usually resolved within 24 hours. Most im- 
mediate reactions in bronchography are re- 
lated to overdosage of anesthetic agents 
and to varying degrees of ventilatory ob- 
struction caused bv viscous material in al- 
ready diseased lung. In this series, there 
was 1 instance of cardiac arrest, 1 of bradv- 
cardia and 3 of asymptomatic lobar col- 
lapse. 

The cardiac arrest occurred in a 6 year 
old Negro mongoloid female with achalasia 
and chronic bilateral pulmonary disease 
thought to be due to repeated aspiration of 
esophageal contents. The right lung had 
been visualized uneventfully and the third 
fraction of the left bronchography was 
being carried out when cardiac arrest was 
noted. As the anesthesiologist cleared the 
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BRONCHIAL RESIDUE IN 38 PATIENTS ON 24 
HOUR ROENTGENOGRAM 


No residue 36.9% 
Slight 41.1% 
Moderate 20,275 
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trachea and endotracheal tube of contrast 
medium, the chest was opened surgically. 
The heart was then seen to be beating 
normally, and the thorax was closed with a 
catheter drain. She recovered with no fur- 
ther trouble. It is quite possible that this 
transitory arrest was due to obstruction of 
the endotracheal tube by the opaque me- 
dium. 

Cardiac slowing occurred at the same 
stage of left bronchography in a 24 year old 
Negro girl with recurrent pneumonia and 
possible mitral insufficiency. The brady- 
cardia disappeared immediately with re- 
moval of the opaque medium from the tube 
and trachea. 

Of the 3 children with asymptomatic 
lobar collapse, 1 had partial bronchial con- 
struction produced by a foreign body and 
the remaining 2 had tuberculosis. The addi- 
tion of the viscous contrast material appar- 
ently completed the obstruction. Usually, 
this obstruction is brief because the opaque 
medium is progressively diluted by secre- 
tions and moved toward the trachea by 
ciliary and gravitational forces. However, 
each of these children were inspiring a gas 
mixture with high partial pressure of oxy- 
gen. Rahn? has shown that a gas such as 
nitrogen which diffuses more slowly retards 
the rate of collapse of the lobe following oc- 
clusion of its bronchus. Perhaps in these 
patients a gas mixture should have been 
used with a slightly lower percentage of 
oxygen so that nitrogen would not be com- 
pletely eliminated from the alveoli. 

Pathologic studies were carried out on 8 
patients in whom pulmonary tissue had 
been removed. These specimens were re- 
viewed by Dr. Herbert Ichinose, of the 
Department of Pathology at Tulane. He 
stated that in his opinion there were no 
true pathologic changes which might be 
ascribed to the contrast substance. The 
barium sulfate, and to a lesser extent, the 
sodium carboxymethylcellulose particles, 
are phagocytized similarly to a rather innoc- 
uous foreign body. No evidence of an acute 
inflammation in response to either was 
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noted. Apparently, the phagocytized par- 
ticles ate removed by the lymphatics. 
Small aggregates of macrophages were 
noted ir. the periphery of peribronchial 
lymphoid nodules and in the areolar tissue 
of the lobular septa and internal areolar 
layer of the pleura. 


DISCUSSION 


Roentgen contrast studies of the various 
parts of the tracheobronchial tree are often 
of critical diagnostic value in patients of 
any age group. The symptoms indicating 
need for these studies are chiefly cough, 
stridor, wheezing, or roentgenographic signs 
resulting from bronchial or tracheal ob- 
structior. and other changes of a chronic 
nature. The immediate complications 
associated with bronchography include 
those associated with an overdose of anes- 
thesia, iodine sensitivity, and obstruction 
of alreacy diseased bronchi. Late complica- 
tions include retention of the contrast agent 
with formation of granulomas or interfer- 
ence with interpretations of serial roent- 
genograms or isotope studies. 

Rivero? has performed  bronchogra- 
phy in children up to 2 or 3 years of age 
with preliminary sedation and no general 
or local anesthesia. Theodos® has reported 
desensitization with corticotropine to carry 
out bronchography with iodized oil in a 
patient who was sensitive to a skin test 
with the contrast substance and to an oral 
dose of § mm. of potassium iodide oil. 
Flooding the entire bronchial tree with a 
viscous contrast agent leads to anoxia, and, 
if an agent with too great a degree of vis- 
cosity is used, sometimes a cast-like mold 
may develop in the tracheobronchial tree 
which is very difficult to expel. The forma- 
tion of zranulomas in the lung has been 
reported in the past with the use of almost 
any contrast agent which had been retained 
for considerable periods of time. 

Many other agents have been used in 
bronchography; a very thorough investiga- 
tion of this subject was made by Dunbar 
et al® Two of the most popular contrast 
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agents during the past few years have been 
the oily and aqueous forms of dionosil.!19 

A good bronchographic contrast medium 
should be nonirritating, should be viscous 
enough to allow filling of the bronchial tree 
without excessive alveolization, should re- 
main in the bronchial tree long enough to 
allow satisfactory diagnostic roentgeno- 
grams and should be cleared rapidly from 
the lungs. Holden!? has described the be- 
havior of contrast media in the bronchial 
tree very clearly. There seems to be little 
doubt that contrast medium in the trachea 
and in large and medium size bronchi can 
be more quickly recovered when postura! 
drainage is employed, and this effect can 
be enhanced by coughing. In the smaller 
bronchi and bronchioles, clearing is the re- 
sult of ciliary and smooth muscle activity, 
with the rate of clearance being greatly in- 
creased when aided by gravity. In bron- 
chioles of less than o.4 mm. in diameter, 
ciliated epithelium is beginning to disap- 
pear and goblet cells are absent; therefore, 
absorption is more likely to occur in these 
areas. It is in these regions also that the 
more highly soluble and therefore more ir- 
ritating contrast substances are apt to cause 
inflammatory changes. Contrast agents 
with low solubility tend to be retained in 
these regions and thereby increase the 
chance of granulomatous formations. 

In the past, many investigators assumed 
that barium could not be cleared from the 
tracheobronchial tree because of its low 
solubility in aqueous solutions. Willson e£ 
al.™ reported on 16 patients who acciden- 
tally aspirated barium. It was found that 
the barium was not retained and there was 
no immediate or delayed reaction. Dunbar 
et al studied various contrast agents be- 
cause of their interest in the swallowing 
mechanism in infants who tended to choke 
during feeding. They injected contrast 
agents in the tracheobronchial tree of rats, 
using barium and tap water, barium in Io 
per cent sucrose solution, aqueous dionosil, 
lipiodol, and tap water. They concluded 
that there was no great difference in the 
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reaction produced by these agents. On the 
other hand, retention of barium. for a con- 
siderable period of time, resulting in forma- 
tion of granulomas in the lungs? and in the 
abdomen,^!5 both in humans and in ex- 
perimental animals, has been reported. 
Relatively mild reactions have been ob- 
tained after injecting barium into the 
tracheobronchial tree of rats? and dogs,” 
although it has been noted that if the bar- 
ium is injected below the carina there is 
likely to be flooding of the alveoli and more 
retention of the contrast substance. John- 
son e£ a/.? found that, of 8 contrast agents 
injected into the tracheobronchial tree of 
rabbits, a mixture of barium sulfate plus 
carboxymethylcellulose caused the worse 
reactions. The absence of smooth muscle in 
the bronchioles of rabbits? may account for 
the poor results. 

Nelson and his co-workers!":!? have indi- 
cated that barium sulfate (micropaque) 
suspended in normal saline which contains 
atleast 1.5 per cent sodium carboxymethyl- 
cellulose is a safe bronchographic contrast 
material. They obtained a significantly 
smaller incidence of minor nonspecific 
reactions (elevated temperature, increased 
pulse rate, etc.). They also emphasized the © 
usefulness of this type of agent if there is 
any question concerning iodine sensitivity. 
One unique feature which they noted is 
that barium particles apparently adhere to 
the wall of an infected cavity for a long 
period of time and can be seen on chest 
roentgenograms. They have not seen this 
following the use of other contrast agents. 
In their opinion, barium should not be used 
in cases of emphysema because it is re- 
tained longer. 

Cember ef al! employed a method of 
intratracheal insufflation of barium sulfate 
particles directly through the pharynx for 
the investigation of particulate matter in 
the lungs. These particles were easily ex- 
pelled from the deep part of the respiratory 
tract in rats and presumably the same 
would happen in humans. In our labora- 
tory, experiments are being conducted to 


570 


determine whether insufflated barium sul- 
fate particles may prove useful in outlining 
the tracheobronchial tree. 


SUMMARY AND CONCLUSIONS 


Barium sulfate has been used as a con- 
trast agent in 58 bronchographies per- 
formed in infants and children. This con- 
trast agent is considered safe for bronchog- 
raphy; few reactions were associated with 
its use and very few pathologic sequelae 
were noted in removed surgical specimens. 
The reactions that were encountered were 
most likely the result of anoxia or acute 
obstruction of the tracheobronchial tree. 
These hazards may be circumvented by 
adequate postural drainage before and after 
the procedure, anesthesia of moderate 
depth, and avoidance of inhalation of very 
high concentrations of oxygen. 

Charles M. Nice, Jr., M.D., Ph.D. 
1430 Tulane Avenue 
New Orleans 12, Louisiana 
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origin. The child's mother noted that he would 
suddenly hold his breath while crying and be- 
come cyanotic. Át times breathing would be 
resumed only after the child was shaken vigor- 
ously. 

Physical examination disclosed diffusely en- 
larged tonsils. No inflammatory changes were 
present in the nasopharynx. Scattered rales 
were heard over both sides of the chest. 

Roentgenographic examination of the chest 
was normal except for moderate thymic enlarge- 
ment which was considered to be within normal 
limits and of no clinical importance. The blood 
cell count and other laboratory data were 
within average limits. 

On the third day of hospitalization, it was 
observed that the child became cyanotic while 
being positioned for an upright chest roentgeno- 
gram and that normal breathing and color 
returned when the child was placed in a prone 
position. Lateral roentgenograms of the naso- 
pharynx were then obtained while crying and 
during rest (Fig. 1, 4 and B). At rest a soft 
tissue density was observed. This presented 
towards the larynx as a rounded mass and an 
adequate airway was seen. The roentgenogram 
obtained while the patient was crying revealed 
a downward displacement of the mass towards 
the pharynx which diminished the airway per- 
ceptibly. The adenoids also were hyper- 
trophied. Consultation was immediately ob- 
tained and the laryngologist (E.S.) concurred 
that the soft tissue mass was consistent with the 
presence of an enormously enlarged pair of 
tonsils which did not appear to be inflamed. 
The lower margin of the tonsils could not be 
seen. It was possible to produce the symptom 
complex of cyanosis and cessation of respiration 
by holding the patient erect or in the supine 
position and to relieve it by placing the patient 
in a prone position. Tonsillectomy was per- 
formed about 6 hours later (Fig. 1C). Ade- 
noidectomy was not performed at this time. The 
tonsils were not acutely diseased, and each 
measured 3 cm. in diameter (Fig. 1D). The 
patient made an uneventful recovery. 


Bernard S. Epstein, James Sternberg and Edward Shapiro 


Marcu, 1964 


COMMENT 


Tonsillar swelling does not usually pro- 
duce serious respiratory obstruction even 
though the airway may appear obstructed. 
The more common causes of respiratory ob- 
struction in infants include infections such 
as peritonsillar or retropharyngeal ab- 
scesses, epiglottitis, congenital malforma- 
tions such as laryngeal webs and cysts. 
Extrinsic pressure from enlarged thymus 
glands no longer is considered an adequate 
explanation, as was noted in the present 
instance. Occasionally, a tumor such as a 
cystic hygroma may be associated with 
respiratory distress. Other reasons include 
congenital malformations of the heart, 
pulmonary infections or mediastinal tu- 
mors. As a rule these can be identified by 
adequate examination. Viral and bacterial 
infections of the air passages also can be 
diagnosed clinically. Aspiration of foreign 
bodies is another possible cause of respira- 
tory distress. All of these had been under 
consideration. However, the presence of 
tonsils sufficiently enlarged to cause me- 
chanical obstruction of the oral pharynx was 
not suspected until the roentgeographic 
examination of the neck disclosed the soft 
tissue masses projecting into the air pas- 
sage. 

Bernard S. Epstein, M.D. 
The Long Island Jewish Hospital 
270-05 76th Avenue 


New Hyde Park 
Long Island, New York 


REFERENCES 


1. Meraner, R. H., III. Symposium on medical emer- 
gencies: Laryngeal obstruction in children. 
Pediat. Clin. North America, 1962, 9, 233-262. 

4. SPECTOR, S., and Bautista, A.G. Respiratory 
obstruction caused by acute tonsillitis and acute 
adenoiditis. New York F. Med., 1956, 56, 2118- 
2119. 


Vor. gt, No. 3 
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tebral tissues of the 
a 0 of children in 
the first 5 vears of life. During this age the 
ANA: ‘al tissues contain a variable 
number of lymph nodes.’ Infection, which 
usually originates in the nasoph 1 
area or middle ear,? spreads by wav of the 
lymph channels to the prevertebral lymph 
nodes. The lymphadenitis could then lead 
to a prevertebral abscess. If the abscess 15 
not treated, it may dissect into the poste- 
rior mediastinum and cause respiratory 


BSCESS in preve 


neck is mainly 


embarrassment or necrosis and rupture of 


the great vessels of the neck. Spontaneous 
rupture into the pharynx with aspiration 
and lung abscesses 1s another serious com- 





Fic. 


retropharyngeal space. 


* From the Department of Radiology, University of Colorado Medical Center, Der.ver 


(4) Cineroentgenogram showing that at the depth of expirztion th 
1 a retropharyngeal abscess. (B) Line tracing showing (1) cervical spine, 


plication.? Karly recognition and treatment 
of this disease are, therefore, important. 
The incidence of retropharyngeal abscess 
in infants has decreased sh arply since the 
advent of antibiotics; however, its occa- 
sional development and serious prognosis 
still make its accurate diagnosis important. 
The - of roentgenologv in the diagno- 
sis of cervical prevertebral abscess 1s well 
เ authors mentioa that lateral 
roentgenograms อ f the p harvnx mav be 
helpful.!-?:/-? Thickening of the preverte- 
bral tissues with anterior displacement of 
the pharyngeal air shadow is the diagnostic 
roentgenographic finding. Pendergrass, 
Schaeffer and Hodes’ recognized that in 


t 
ไจ 


เ 


ท ส ก ร e 
nutty @ PG 
ขอ ด ก น ด RR 
Tepat ete E 
2 แล น 020 
"a ” 
$"* 


e prevertebral tissues are thick, 
(2) pharynx, and (5) 


, Colorado. 


mlt 
This study was supported by an institutional grant, General Research Support £41. 
| Formerly, Assistant and Chief Resident in Radiology. Present address: USAF Hospital, Keesler AFB, Mississippi. 


574 


infants, the prevertebral tissues thicken 
during expiration and become thin during 
inspiration. They emphasized that the 


roentgenogram must be made at the peak of 
inspiration to assure a minimal depth of 


prevertebral tissues.!” If the roentgenogram 
happens to be made during expiration, the 
dos ee 0 0 en a retro- 
E. dand p. 

Hay® states that during the 
lite the normal thickness of the prevertebral 
tissues never exceeds 1.5 times the antero- 
posterior depth of the body of the fourth 
cervical vertebra, and trom 1 to 2 years of 
age it does not exceed ๐ .6 times the antero- 
posterior depth ot the bodv of this vertebra. 

The difficulty of making a roentgeno- 
gram at the peak of inspiration in an infant 
is well known and was verified in our work. 
Cinefluorograms obviate this difficulty and 
demonstrate the thickness of the preverte- 


bral tissues accuratelv during all phases of 


the respiratory cycle. 


MATERIAL AND METHODS 


Infants under 2 vears of age were studied. 
Although the patients were affected with 
many different diseases, they were all nor- 
mal with respect to the pharynx. Lateral 
roentgenograms were made of the neck, and 


George H. Brenner 


first vear of 


Maren, 1964 


an attempt was made to obtain one roent- 
genogram at the peak of inspiration and one 
at the depth of expiration. The same sub- 


jects were then studied with cineroent- 


genographv. | Cineroentgenograms were 
made in the lateral projection with a 16 
mm. camera from the output phosphor of 
an 8 inch electron image amplifier. The 
technical factors were 2.5 ma., 65 kv. and 
30 frames per second. U ually a short ex- 
posure time was sufficient, so that the * 
radiation dose to the thv roid gland was less 
than o.2 r. The gonadal dose was negligible. 
An attempt was made to obtain cine- 
roentgenographic strips during quiet 
breathing, crying and swallowing of bar- 
ium. Since all of the subjects had to be 
secured to a restraining board, they were 
usually crying. 


RESULTS 


Very few of the lateral roentgenograms 
could be obtained at the height of inspira- 
tion. In fact, some of the expiration 
roentgenograms revealed less thickness of 
the prevertebral soft tissues than the in- 
spiration roentgenograms. It soon became 
evident that this method was unreliable. 
On cineroentgenograms, the minimal 
thickness of the prevertebral soft tissues 
during the inspiration. was regularly less 
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Fic. 3. 67) Barium swallow study shows a flattening of the posterior pharyngeal wall out against the ante- 


rior surface of the adjacent cervical vertebrae. (B) 


filled pharynx, and (5) retropharyngeal space, 


than the anteroposterior depth of the body 
of the adjacent cervical vertebra (Fig. 2, 
A and B). The duration of minimal thick- 
ness lasted only ๐ .2 second in most cases. 
In some cases the maximal thickness 
of the prevertebral soft tissues during 
expiration approached 3 times the antero- 
posterior depth of the bodv ot the adjacent 
cervical vertebra (Fig. 1, 4 and B). 


Fic. 4. C4) Cineroentgenogram showing 


transverse diameter. (B) Line tracing 
pharyngeal space. 





Line tracing showing (1) cervical spine, (3) barium- 


Thin prevertebral soft tissues were also 
demonstrated when the infant swallowed 
barium. The barium was propelled into the 
pharynx by the tongue and the posterior 
pharyngeal wall was flattened out against 
the cervical spine (Fig. 3, Æ and 5). Bar- 
ium studies provided additional informa- 
tion, but are not necessary because the 
water density of the prevertebral tissues is 
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that during phonation the soft palate shortens and swells in its 
showing (1) cervical spine, (2) pharynx, (4) uvula, and (5) retro- 
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form. 


clearly seen between the contrast of the air 
column in the pharynx and the bone den- 
sitv of the cervical spine. 

When an air-fluid level in the thickened 
prevertebral soft tissues is seen, a diagnosis 
of abscess can be made. Cellulitis and 
lymphadenitis without suppuration also 
produce swelling of the prevertebral tissues. 
Despite this, the roentgenographic in- 
formation is very helpful to the clinician 
as it prevents the fictitious diagnosis of 
prevertebral abscess when normal maximal 
thickness of the tissues is visualized during 
expiration. 

Another interesting. phenomenon was 
demonstrated. During phonation the soft 
palate rose, shortened and swelled trans- 
verselv to close the nasopharynx (Fig. 4, 
A and B). When phonation ceased, the soft 
palate again assumed its long, slender form 
which persisted most of the time (Fig. 5, 
A and B). Caution should therefore be used 
before diagnosing edema of the soft palate 
from a single lateral roentgenogram. 
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G4) Cineroentgenogram showing that during inspiration the soft palate assumes its long, slender 
(B) Line tracing showing (1) cervical spine, (2) pharynx, (4) uvula, and (5) retropharyngeal space. 


CONCLUSION 

In normal infants cineroentgenograms 
demonstrated that the cervical prevertebral 
tissues fluctuate widely in depth during the 
respiratory cycle. The tissues are thin at 
the peak of inspiration and thicken during 
expiration. Often during expiration in nor- 
mal infants the thickness of the preverte- 
bral soft tissues becomes greater than the 
thickness used as a diagnostic sign of retro- 
pharvngeal abscess. 
University of Colorado Medical Center 
4200 East Ninth Avenue 
Denver 2c, Colorado 
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SPONDYLARTHRITIS IN CHILDHOOD* 


By C. A. F. MOES, M.D. 
TORONTO, ONTARIO 


PONDYLARTHRITIS is a spinal dis- 

order which appears to be inflammatory 
in nature. It is characterized by fairly 
typical clinical and roentgenologic findings 
and runs a rather rapid course, usually lead- 
ing to complete and permanent clinical 
recovery. 

One of the first reported cases represent- 
ing this condition was published by Mayer 
in 1925. This was a 5 year old girl who de- 
veloped a kyphosis in the upper lumbar 
region with narrowing of the intervertebral 
disk, but, no associated bone destruction. 
Staphylococcus viridans was cultured from 
the blood. 

In recent years an increasing number 
of articles have appeared dealing with the 
subject under various names, such as a 
study of acute infectious lesions of the in- 
tervertebral disks,!° spondylarthritis in 
children," benign form of acute osteitis of 
the spine,” destructive lesion involving the 
intervertebral disk,“ narrowing of the in- 
tervertebral disk space, and nonspecific 
spondylitis. 


‘MATERIAL 


Twenty patients comprise the present 
series, § of whom had the diseased area 
biopsied: 4 by needle aspiration and 1 by 
open operation. Though the total number 


of cases reported in the literature is over 
100, very few have been biopsied. Doyle? 
in 1960 reported 16 cases, 3 of which had 
biopsies. Culture of the material obtained 
revealed no growth. The pathology re- 
ported was acute inflammation of the inter- 
vertebra. disk in 1 case and chronic osteo- 
myelitis in another. In the third no inflam- 
matory material was found. Jamison and 
co-workers! reported one case in which 
biopsy was performed with negative re- 
sults. CFilde and Tucker? in 1961 discussed 
a series 5f 10 cases, 2 of which were biop- 
sied. Ne ther revealed organisms or infam- 
matory exudate. Milone ef al! in 1962 cul- 
tured SrapAylocoecus aureus from 4 of their 
7 patients in whom there was involvement 
of the spine. In Table 1 are the findings in 
the present series. Staphylococcus aureus 
was cultured in 2;in the remaining 3 puru- 
lent blood stained material was reported at 
the tima of operation; however, cultures 
revealed no growth. 


CLINICAL FEATURES 


The early diagnosis is often difficult, 
though in established spondylarthritis the 
clinical and laboratory findings are fairly 
typical and, when evaluated with roent- 
genograms, should suggest the correct 


TABLE I 


BIOPSY RESULTS 


Purulent blood stained material; culture—no growth 


Pathology report—granulation of tissue and bone; culture— 


Staphylococcus aureus 


Case 1 Needle Biopsy 
Case 11 Disk Curettage 
Case ni Needle Biopsy 
Case 1v Needle Biopsy 
Case v Needle Biopsy 


Blood and pus; cu ture—no growth 
Purulent material: culture—Staphylococeus aureus 


Blood and purulert material; culture—no growth 


* From the Department of Radiology, The Hospital for Sick Children, Toroato, Ontario, Canada. 
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diagnosis. The condition is encountered 
mainly in infants and young children. Of 
the 20 cases reported, 14 were under the 
age of 4 vears, 4 were from 4 to 8 years, and 
only 2 were in the 10 to 14 year age group 
(Fig. 1). The sex incidence showed a slight 
preponderance of males in a ratio of 12 to 8. 
Other series have shown the incidence to be 
equal or with a slight male predominance 
except for that reported by Dovle® in 
which there was a slight increase in the 
number of females. 

There may be a history of a mild infec- 
tion or trauma, usually to the back. Follow- 
ing this the child is usually well from several 
days to 3 to 4 weeks at which time there 
mav be complaints referable to the lower 
portion of the spine. This mav be in the 
form of pain or may be manifest bv stiffness 
of the back, spasms with crying or a regres- 
sion from walking to sitting and then to 
Iving with subsequent refusal to sit or 
stand. Less frequently, the initial complaint 
is not related to the spine, but to the hip. 
In these cases there is pain which may be 
manifest by a limp or by crying in an infant 
who is having the diaper changed. Ab- 
dominal pain as the presenting symptom is 
sometimes encountered and was noted in 1 
case in this series. Meningeal signs, with a 
positive straight leg raising test, may be 
present, though in 6 of the present cases in 
which a lumbar puncture was performed 
the cerebrospinal fluid was normal. The 4 
presenting symptoms of spondvlarthritis as 
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Fic. 2. Level of intervertebral disk involvement. 


pointed out by Guri," Dupont and Ander- 
sen? and others are: (1) low back pain; (2) 
hip pun; (3) abdominal pain; and (4) 
meningeal signs. These need not occur sepa- 
rately and more than one may be found in 
any one patient. The complaints are often 
accompanied by a historv of irritabilitv, 
loss of appetite, some fever and easy 
fatigabilitv. 

On physical examination the children are 
onlv mildly to moderately ill with a fever 
ranging from 99°F’. to 103°F. The child may 
refuse to sit or stand preferring to lie supine 
or on one side with the hips flexed due to 
irritation of the psoas muscles. The para- 
vertebral muscles are in spasm and there is 
loss of the normal lumbar lordotic curve. 
There may be accompanying scoliosis. In 2 
patients there was a mild gibbus deformity 
in the lumbar area accompanving the rigid 
back. Any attempt to flex or extend the 
spine or stralght leg raising accentuates 
the pain. T'enderness over the involved por- 
tion of the spine is frequently present and 
was noted in 13 cases. 

Leukocytosis does not appear to be a 
prominent feature and when present is 
slight. Early in the condition an elevated 
sedimentation rate is the most consistent 
laboratory finding. The tuberculin skin test 
is negative to all strengths. The Widal ag- 
glutination test is normal. In 1 ๐ patients a 
blood culture was done with negative re- 
sults in 9. In the tenth, in whom there was a 
positive biopsy of the spinal lesion, culture 
produced pyogenic staphylococcus. 

Figure 2 shows graphically the level of 
involvement in the 20 cases. The lumbar 
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spine is the region of predi lec tion with onlv 
a small percentage of cases occurring in the 
lower thoracic area. 


ROENTGEN FINDINGS 


The roentgenologic changes lag behind 
the clinical signs and symptoms. Various 
authors??? * have stated that the changes 
are first seen from 24 to 3 weeks after the 
onset of symptoms. The time lapse in this 
series ranged from 2 to 4 weeks. In 3 cases 
the initial roentgenograms made 1 to 2 
weeks after the onset of symptoms were 
normal, though subsequent roentgenograms 
at 4 weeks showed disk space narrowing. 
This is followed in approximately 1 to 2 
weeks by under-mineralization of the adja- 
cent vertebral margins, which lose their 
clear cut outline and appear irregular, This 
never involves 
the contiguous portion of the body and 
often less. Sometimes a small radiolucent 
defect is seen in one or both vertebra 
gins due to localized erosion of the body. A 
paraspinal mass is not a prominent feature 
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when the lesion is located in the lumbar 
region and was present in only 1 case (Fig. 


3, A and B). In both cases involving the 
lower thoracic spine, an accompanying 
mass was present. On occasions, there is a 
localized mild scoliosis or kyphosis due 


presumably to eccentric disk narrowing and 
muscle spasm. During the next 1 to 3 
months, the disk space usually becomes 
narrower and the vertebral margins gradu- 
ally become more distinct as remineraliza- 
tion takes place. In some, however, the disk 
becomes wider rather than narrower due to 
an extreme degree of under-mineralization 
of the vertebral margins and in these the 
vertebral height appears decreased. This 
process may in turn be followed by narrow- 
ing as remineralization occ urs. The subse- 
quent course May show pe ersistent narrow- 
ing of the disx with vertebral margins which 
are either 0 or irregular in outline and 
often may reveal some reactive sclerosis. On 
the other bu the disk space may return 
almost to normal width in some instances 
(Fig. 4, 4-D). In 2 cases follow-up exami- 
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nations 6 and 7 months re 
the commencement of 


changes showed that the spacing had re- 


turned almost to normal. In a third case 
Fig. 5-8, inclusive) it returned to near 





normal in 10 months, then, following recur- 





rence of backache, became narrower over 
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ase I. Subsequent course showing further narrowing followe 
anuary, 1946; (B) February, 1946; (C 
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d by gradual widening and re- 
April, 1946; and (D) June, 1947. 





the next 5 vears and showed no change on 
follow-up examinations over 2 vears and 4 
months. The increase in. the disk spacing 
occurring in the later months is probably 

า *ollow-up 











due to fibrous tissue formation. F 
examinations extending over periods from 
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23 months to 6 years, 2 months have shown 
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only minimal bony fusion in 1 case, and in 
this a biopsy by curettage had been per- 
formed. 

PATHOGENESIS 


there Is 


2n ck 


Prior to the onset of symptoms, 
"n ra id on trauma to us 


' dc of ก ก เท +. 
there was combined infection and trauma, 
while in only 1 
trauma alone. In 4 instances there was no 
history of either and in 2 the In- 
formation was incomplete. The sites of pos- 
sible infection are the upper respiratory 
tract, the skin and the teeth, though these 
may not be readily apparent and a careful 
history and physical examination must be 
carried out. The urinary tract is also men- 
tioned in the literature as a possible sit 
but there was no evidence to suggest jo 
tion from ine source in this series. 

If trauma and infection are considered 

s possible precipitating factors and the 
deos is regarded as representing an in- 
flammatory process which starts either in 
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the intervertebral disk or the vertebral 
bodv, the nature - of the blood supply to 
these regions is important. Smith!* in 1931 
examined n intervertebral disk at au- 
topsv in $7 cases and found that nutritive 
canals do exist. These are derived from the 
marrow of the vertebral body and reach the 
nucleus pulposus by first piercing the car- 
tilaginous plate of the disk, then running 
between tie fibers of the annulus fibrosus. 
UE regarded ee — vess o ane 
he e microscopic anatomy a d interverte- 
bral disk in - cases ranging from 1 ๐ 
months te 79 vears of age and by Ferguson? 
in 1960 in 24 IDA and infants confirmed 
the presence of vascular channels entering 
the disk from the spongiosa of the vertebral 
bodv. Coventrv and co-workers! noted that 
these channels had largelv disappeared by 

the age of 1 ๐ years , but some were found to 
persist up to te third decade. These ob- 
servations support the earher work of 
Umbermuth in 1929 and Bohmig เท 1930. 


The latter found the blood supply to be 


present until the age of 20 vears. 
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nfectious spread via venous pathwavs 
must also be considered. Batson! has de- 
scribed the venous ก connecting the 
pelvis, abdomen and thorax with the spine. 
Wiley and Trueta? have shown that tribu- 
taries from the metaphvsis of the vertebra 
body are collected into large valveless 
channels in the spongiosa. It is therefor 
possible for the process to begin within the 
disk, though actual proof of this is lacking, 
On the other hand the primary process may 
start in the vertebral body adjacent to the 

cartilage end plate with subsequent exten- 
sion through the plate into the disk. 

Seven of the cases in our series gave a 
Kor of trauma. This incidence would 
appear to be too high to be regarded as 
coincidental. Wilensky!? states that trauma 
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larch, 1961; and (8) June, 1962. 





and this in the presence 
of bacteremia could help localize an infec- 
tion. In none of the cases was the trauma 
severe and the period until the onset of 
symptoms ranged from 3 davs to 4 weeks. 


may injure a vess 





DIFFERENTIAL DIAG 





Differentiation between spondylarthri- 
tis and tuberculosis can be extreme y dim- 
cult if not im possib e roentgenologicallv. 
The fact that the site of predilection i is the 
ower thoracic spine with tuberculosis, 
while in spondvlarthritis the | umbar region 
is favored, may be of some aid. As has been 
pointed out by Doub and Badgley® and 
others, tuberculosis can show narrowing of 
the disk as the earliest change. Therefore, 


a knowledge of the ustory, abo atory "a 
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TYPES OF TREATMENT 
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Plaster jacket—3 cases 

Fracture boards—-1 

Plaster half-shell—1 

Bradford and Whitman frame—1 

Plaster jacket and antituberculin drugs : 
Whitman frame, Taylor brace, and sulfathiazole--1 


Plaster jacket and penicillin—2 

Plaster jacket, penicillin and chloromycetin—1 
Plaster jacket, and erythromycin—3 

Plaster jacket, erythromycin and chloromycetin—6 


ings and progress is essential in arriving at a 
correct diagnosis. Spondylarthritis usually 
presents with an acute onset and roentgeno- 
logic changes are frequently noted at the 
time of the initial examination, which 
militates against tuberculosis. The tuber- 
culin test 1s negative. The progress of the 
condition 1s more rapid than with tubercu- 
losis and there tends to be less bone destruc- 
tion with much earlier reconstitution of the 
affected vertebrae. 

Spinal osteomyelitis caused bv Sal- 
monella or Brucella is uncommon. The 
roentgenologic changes may be indistin- 
guishable from those of spondvlarthritis. 
kulowski and Vinke™ suggest that in bru- 
cellosis destruction of the articular facets is 
present in the lower lumbar region, which is 
not a feature in spondvlarthritis. A positive 
blood agglutination test will help to make a 
definite differentiation. 

In the older child osteochondritis of the 
spine must also be considered. The general- 
ized type (Scheuermann's disease) shows 
disk space narrowing with irregularitv of 
the adjacent vertebral margins and a ten- 
dency for the bodies to be wedged anteri- 
orlv. This usuallv involves more than one 
vertebral level in the lower thoracic and 
upper lumbar area. The localized type mav 
present more difhcultv as one or several 
levels may be affected. There is frequently 
disk narrowing and a defect at the anterior 
vertebral angle is seen which has a fairly 
well defined punched out appearance. The 
patient may complain of back or hip pain; 
however, the sedimentation rate is normal 
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in cases of osteochondritis. The localized 
type is usually seen in the older child, al- 
though a zase which seems to represent this 
condition 1s reported in a 4 vear old girl by 
Ekengren and Lindblom.® 


TREATMENT 


Table n shows the tvpes of treatment 
carried out in our 20 patients. During the 
acute phase some form of back support was . 
emploved. Thirteen patients received anti- 
biotic therapy, usually for 3 weeks, 6 had 
none, while 1 was given antituberculin 
drugs. This resulted in improvement of 
symptoms in all cases. Antibiotics do seem 
to hasten relief of pain in the early stage of 
the disease, especially in those who are 
moderately ill, though their role in the final 
outcome of the disorder is questionable. No 
difference could be found during the follow- 
upin those who did or did not receive anti- 
biotics. The duration from the onset until 
the patient was symptom free without back 


support averaged 24 months. The patients 
| 5 2 | 


have been followed for 23 months to 6 vears 
and 2 months and in onlv 2 instances has 
there been an apparent recurrence of symp- 
toms, 1 and 4 vears respectivelv after the 
primary process had subsided. 


SUMMARY 


Spondylarthritis is a spinal disorder, 
occurring primarily in infants and young 
childrea, which appears to be inflammatory 
in nature. [t presents fairly typical clinical 
and roentgenologic findings. Five of the 20 
cases presented were biopsied with pyo- 
genic staphylococcus being cultured in 2. 
The course is relatively rapid and usually 
leads to complete recovery clinically. 

The Hospital for Sick Children 
Department of Radiology 

s55 Un versity Avenue 
Toronto 2, Ontario, Canada 
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STRESS FRACTURE OF THE TIBIA IN CHILDREN 


By ROBERT D. BERKEBILE, M.D. 


ELYRIA, OHIO 


A'TIGUE or stress fracture of the tibia 

has been well documented in the litera- 
ture, occurring chiefly in armed service re- 
cruits, ballet dancers and athletes. In this 
report $ cases are described which occurred 
in bovs between the ages of 7 and 13 years. 
Emphasis is placed on the symptom of pain 
on weight bearing and absence of pain at 
rest. This finding, common to all ç cases, 
serves as an important and distinctive point 
in the differential diagnosis of this condi- 
tory examinations can be avoided, if the 
correct diagnosis of stress fracture is made. 
It is mandatory that close correlation of the 
clinical findings, roentgenographic studies 
and a high index of suspicion exist in order 
to distinguish readily this tvpe of fracture 
from more serious entities. 


REVIEW OF THE LITERATURE 


In 1937, Ollenquist? first described march 
fractures of the tibia occurring in. Finnish 
army recruits. He termed the condition 
"osteopathia itineraria tibiae," Roberts 
and Vogt,? in 1939, reported 12 cases of 
stress fracture of the tibia in children be- 
tween 4 and 16 vears of age (2 girls and 10 
boys). One of the girls had both tibias in- 
volved. In 1942, Hartley’ reported 14 cases 
of stress fracture of the tibia; 3 patients 
with bilateral fracture. He added 1 more 
case in 1943? His reports were of patients 
between the ages of 7 and 20 vears. Krause 
and Thompson,’ in 1943, described 4 cases 
of stress fracture of the tibia in army re- 
cruits, with age levels between 21 and 28 
years. In 1945, Mann? reported 3 cases of 
fatigue fracture of the tibia in naval trainees 
between the ages of 18 and 20 years. In the 
same year, Wolfe and Robertson™ wrote a 
review article on fatigue fracture of the 
tibia and added 1 case of a naval recruit 
(aged 15). Kelly and Murphy? added 2 
cases, ages 14 years, in 1951. In 1954, Singer 


and Maudsley" reported § cases of fatigue 
fracture of the lower tibia and made note 
that the upper third is the commonest site 
of occurrence. In 1956, Burrows? added 4 
cases of fatigue infraction of the middle 
third of the tibia in ballet dancers. In 19§9, * 
Wang, Lowrey and Severance” reported 8 
cases with fatigue fracture of the tibia. 
Devas, in a literature review, listed 78 
cases from the reports printed from 1938 
to 19:8. He added 16 cases which occurred 
in athletes between the ages of t5 and 27. 
ร อ อ ท ร อ | and Udasco," in 1958, reported 1 
case of a 1 ๐ year old boy with upper tibia 
fracture and 1 case of a 62 vear old female 
with fatigue fractures of the lower third of 
the tibia and fibula. Benedict, in 1959, 
gave an excellent report and analysis of 35 
Marine trainees with this condition. 


INCIDENCE 


A review of the literature indicates that 
the majority of cases was found in youths of 
armed service recruit age. The finding of 5 
cases in 2 vears in children between the ages 
of 7 and 13 vears, in a population area of 
90,000, suggests that this is a much more 
common entitv than the existing reports 
indicate. Hartlev? states that fatigue frac- 
ture occurs 7 times more frequently in the 
metatarsals than in the tibia, but the dis- 
ease is seen 4 to 6 times more frequently in 
the tibia than in the femur or fibula. He 
notes that fatigue fracture occurs only oc- 
casionally in the os calcis or pelvis. In 
children, the most common site of occur- 
rence in the tibia is in its proximal third. 
Devas? noted that of the 78 cases he found 
in the literature, 65 involved the proximal 
third of the tibia. In his own 16 cases, 1 
occurred in the proximal third. It occurs 
most often in boys, with no predilection for 
one leg over the other. The age levels re- 
ported are from 4 to 28 years, except for the 
cases reported by Singer and Maudsley," 
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and 1 case by Sponsel and Udasco,? which 
were in the distal third and 1n patients be- 
tween the ages of 45 and 69 vears. 


THEORY OF CAUSATION 


Wolte and Robertson! suggest that, 
similar to the way by which metal can be 
fractured bv bending it back and forth, the 
rhythmically repeated mechanical stress at 
the point of greatest bone bending can pro- 
duce fracture of individual trabeculae. 
Crvstallization occurs in metal at the point 
of fracture, and the same process has been 
shown by the electron microscope to occur 
at the stress fracture site in bone. 

Hartley? believes that the condition is a 
fatigue fracture, due either to faultv crystal 
structure of bone at this area of maximum 
strength or to abnormal stress at a site al- 
ready subject to considerable strain, or to a 
combination of both. 

Mann? proposes that muscle fatigue con- 
sequent to unaccustomed or exceptional 
exertion is probably an important contribu- 
tory factor. The loss of normal tone in the 
leg musclesleaves the bone to bear the brunt 
of "mechanical insult." He, too, indicates 
that infractions of bone are analogous to 
fatigue fractures occurring in metals sub- 
Jected to repeated stresses. 


HISTORY AND PHYSICAL FINDINGS 


Absence of any injury and the invariable 
complaint of pain on weight bearing, but 
relief of pain on sitting or lving, provided 
the constant features in the history. The 
pain on weight bearing was a persistent 
dull type, occurring in the calf or near the 
upper end of the tibia toward its medial 
side. Upon walking or running, the children 
complained variably of a sudden severe 
pain or just stiffness with distinct increase 
in pain over that present when merely 
weight bearing. The positive physical find- 
ings were local tenderness on one or both 
sides of the tibial crest with several children 
showing local edema, increased warmth 
and palpable callus. There was no rise in 
temperature in any of the cases; a limp was 
present in all. A period of 3 to 8 weeks 
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elapsed from the onset of pain until the 
patient first appeared for examination. 


ROENTGENOGRAPHIC FINDINGS 


The roentgenographic changes occur 
from 3.5 to 9.0 cm. below the epiphyseal 
line of the proximal end of the tibia. 
Roentgenograms made in the first week 
from the onset of pain may show a faint line 
of periosteal new bone posteriorly, medially 
and laterally. Hartley’ has suggested that a 
"nick" in the cortex is most often noted at 
this time. The roentgenograms made in the 
second and fourth weeks after the onset of 
pain, show a band of condensation travers- 
ing the posterior cortex of the bone, which 
in the lateral projection extends anteriorlv, 
either in a “U” or "V" shape to the intra- 
medullary portion of the shaft, and in some 
instances, extends in a more narrow pat- 
tern, obliquelv across to the anterior cortex, 
forming a "Y" shape. Variably, there may 
be a short hairline fracture extending an- 
teriorly from the posterior cortex, for a dis- 
tance of r to 3 em., beginning with a "nick" 
at the edge of the cortex. The periosteal new 
bone becomes thicker on the posterior, 
medial and lateral aspects of the shaft, and 
as weeks pass, the bone becomes fusiform in 
appearance in the proximal third. In the 
literature the prominence of the “nick” 
formation and the invariable finding of the 
fracture line are stressed, but this was not a 
prominent finding in these cases, possibly 
because of the delay in the patients appear- 
ing for examination. Devas? reported that a 
fracture sometimes was not visible on the 
roentgenograms until 3 months after the 
onset of symptoms. 


DIFFERENTIAL DIAGNOSIS 


I. Sprain. Stress fracture of the tibia 
mav exhibit the same earlv signs and symp- 
toms as a sprain, but roentgenographically, 
the two are easily distinguished by the 
presence of periosteal new bone formation 
and occasionally a fissure fracture line in 
the posterior or medial cortex. 

2. Sarcoma. The lack of bone destruction 
and the regular buttress of periosteal new 


590 


bone formation serve to help distinguish 
stress fracture from a sarcoma, roentgeno- 
graphically. In sarcoma, the presence of 
continuous pain and local swelling differs 
from the lack of pain at rest, and slight or 
lack of swelling in stress fracture. The rela- 
tivelv short period necessarv to observe 
new bone formation in stress fracture pro- 
vides further differentiation from sarcoma. 

3. Osteitis. Pain and limp are symptoms 
common to both, but the pain in stress frac- 
ture occurs only on weight bearing. 

4. Loosers Umbauzonen, This entity is 
always associated with advanced general- 
ized bone disease. The changes remain stat- 
ic In contrast to the rapid progression of 
callus formation in stress fracture. 

PROGNOSIS AND TREATMENT 

Immobilization in a plaster cast for 
several weeks followed by gradual increase 
inactivity and weight bearing serve to pro- 
mote complete spontaneous healing within 
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8 to 12 weeks. No residual deformity, other 
than thickening of the cortex will result. 


REPORT OF CASES 





Case r. D.E. an 11 vear old boy, developed 
pain in his left leg 5 weeks prior to the time 

when the first roentgenograms were made on 

May 2, 1958 (Fig. 1, Æ and B). No history of 

injury was elicited. The pain was present only 

on weight bearmg and was absent at rest. Past 

history was noncontributory, Physical exami- ๑ 
aspect of the left tibia with increase in warmth 
over the swollen part. The initial impression 
was Fwing’s sarcoma. Multiple studies, includ- 
ing serology, blood protein determination, 
sedimentation vate,  antistreptolysin — titer, 
calcium, 
white blood cell count, red blood cell count, 
hematocrit, and agglutination titers for tv- 
phoid, paratyphoid and Brucella were within 
normal range. Biopsy of the left tibia was done 
on May 20, 1958. At surgery, the periosteum 
was found to be thickened and lifted, while the 





Vic. 1. Case 1. (,Z and B) May 2, 1958: A thin layer of periosteal new bone is seen laterally 


and posteriorly. No fissure fracture is visible. 
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Fic. 2. Case r. (4 and B) June 23, 195 





A broad band of bone condensation is seen across the posterior 


cortex with callus production laterally, medially and posteriorly. The irregularity seen medially is at the 





site of biopsy taken May 20, 194 


underlying bone appeared to be soft. The 
periosteum was incised and dissected. A portion 
was taken for biopsy and then a block of bone 
was removed from the “tumor site.” The patho- 
logic diagnosis was: periostitis, focal, chronic. 
Further roentgenograms, made on June 23 
1958 (Fig. 2, 4 and B) and April 15, 1960 (Fig. 
3, £ and B), showed a broad band of bone 
condensation across the posterior cortex, callus 
production and a thickened cortex. All pain on 
weight bearing disappeared within 2 months 
after the biopsy procedure. 












Case rt. G.B., an 11 year old boy, 2 months 
previous to the roentgenographic studies made 








lic. 3. Case r. CZ and B) April 12, 1960: A thickened 
cortex is seen at the site of the stress fracture and 
the biopsy site. 





on May 27, 1958 (Fig. 4, Æ and B) began to 
have pain in his left leg below the knee on 
weight bearing or walking. The area showed 
shght swelling and redness according to the 
parents, Physical examination revealed slight 
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Fic. 4. Case 11, 4 and B) May 27, 1958: Periosteal new bone formation is seen lateral] 
h an area of condensation posterior! 
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une 6, 1958: A band of bone condensation is seen 
‘here 1s also thickening of the callus laterally and posteriorly and 


across the shaft in the posterior 
tending anteriorly through the posterior cortex. 


a short radiolucent hairline ex- 
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Fic. 6. Case ir. (4 and B) June 27, 1968: A U-shaped area of condensation is seen extending anteriorly from 
the posterior cortex. There is further production of callus posteriorly and laterally and disappearance of the 


posterior "nick." 


swelling of the proximal third of the left leg. No 
appreciable tenderness was elicited. The clinical 
impression was periostitis or osteomyelitis of the 
left tibia. Blood studies included sedimentation 
rate, complete blood cell count, hematocrit and 
serology, all of which were normal. Roentgeno- 
grams made on June 6, 1958 (Fig. §, 4 and B) 
and June 27, 1958 (Fig. 6, Æ and B) showed a 
band of condensation across the shaft in the 
posterior cortex and callus production. One 
month after the last roentgenographic studies 
were made, all pain on weight bearing disap- 
peared. 


Case ut. C.Z., an 8 year old boy, 1 month 
prior to the time that the first roentgenograms 
were taken on June 6, 1958 (Fig. 7, 4 and B), 
experienced. pain in the calf of his right leg 
while standing or walking. There was no history 
of injury. À physical examination showed no 
local swelling. The clinical impression was that 
a bone tumor should be ruled out. Further 
roentgenograms, including a skeletal survey and 
laminagrams of the right tibia on June 17, 1958 
(Fig. 8, 4 and B) and June 18, 1958 (Fig. 9, 


A and B), showed formation of periosteal new 
bone, extension of condensation across the 
shaft and a minute fissure in the posterolateral 
cortex. Multiple blood studies were all normal. 
Orthopedic observation continued, and due to 
the characteristic course of the clinical improve- 
ment, no biopsy was made. Roentgenograms on 
April 19, 1960 (Fig. 10, Æ and B) showed only 
slight residual cortical thickening posteriorl y. 


Case iv. J.C., a 13 year old boy, developed 
pain in his left leg 3 weeks prior to his first 
roentgenographic examination on March 16, 
1960. History revealed increasing pain in the 
upper calf of his left leg, especially when walk- 
ing or running, but no injury. Physical examina- 
tion showed slight bony enlargement over the 
medial aspect of the tibia, 3 to § inches below 
the joint space. The circumference was § inch 
greater than that of the right leg at this point. 
There was tenderness on pressure, but no 
warmth was noted. The clinical impression was 
a possible tumor or an old subperiosteal hemor- 
rhage. Multiple blood chemistry studies showed 
no abnormalities. The patient showed progres- 
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"1G, 7. Case 111. (7 and B) June 6, 1958: A line of 
periosteal new formation is seen extending 
4.0 em. along the shaft, posteriorly and medially. 

Phere is a triangular zone of bone condensation 

projecting anteriorly and laterally across a portion 


of the cortex. 
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e nr. 67 and B) June 18, 1958: Lamina- 
issure in the posterolateral 








Fic. iH. CZ and B) June 17, 19:8: Further 
formation of periosteal new bone and extension of 


one of condensation across the shaft are 











Fici 10. Case uir. (4 and B) April tg, 1960: Th 
is practically no residual cortex change. 
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Fic, 11. Case 1v. (4 and B) April $, 1960: Formation of callus is seen posteriorly, medially and laterally. A 
U-shaped zone of bone condensation extending anteriorly from the posterior cortex and a short “nick” or 
fissure-like radiolucent line in the posterior cortex extending anteriorly are also demonstrated. 


sive clinical improvement with bed rest. แซ 


Roentgenograms on April 5, 1960 (Fig. 11, 
A and B) showed callus formation. Pain on 
weight bearing disappeared 1 month later. 





Case v. C.Z., a 12 year old boy, complained 
of pain on weight bearing 3 weeks prior to a 
roentgenographic study made on May 25, 1960 
(Fig. 12). The pain was confined to the upper 
calf of his right leg. There was no pain while at 
rest. There was no history of injury. The 
roentgenographic impression was stress frac- 
ture of the tibia. The leg was placed in a plaster 
cast. The patient took off his own cast 1 month 
later and did not return for further roentgen 
studies. 


SUMMARY 


Five cases of stress fracture of the tibia in 
bovs between the ages of 7 and 13 vears are 





Fic. 12. Case v. May 25, 1960: Periosteal new bone 
formation is seen posteriorly. There is also a V- 
shaped zone of condensation extending anteriorly. 


596 


presented. The finding of 5 cases in 2 years 
in a population area of 90,000 suggests that 
this disease is more common in children 
than the reports in the literature indicate. 
The similarity between metal and bone, 
when subjected to repeated mechanical 
stress or bending, supports the crystalliza- 
tion theory of causation. The importance of 
the clinical finding of pain on weight bear- 
ing and absence of pain at rest is stressed in 
differentiating this disease from the other 
more serious entities. The characteristic 
roentgen findings of stress fracture of the 
tibia are progressive formation of perios- 
teal new bone, zone of bone condensation 
chiefly in the posterior cortex, and the vari- 
able appearance of a short hairline fracture. 
The time interval from the first roentgen 
changes to complete healing is 3 to 5 
months. Treatment consists of simple im- 
mobilization. 
Elyria Memorial Hospital 
Elyria, Ohio 

The author wishes to express his appreciation 
to Dr. Harry Hauser and Dr. D. A. Russell, for 
their helpful suggestions, and to Dr. Joseph 
Strong and Dr. George Bennett for permission 
to use their cases. 
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THE ABSENCE OF LEAD LINES IN BONES OF 
CHILDREN WITH EARLY LEAD POISONING 


By PEGGY SARTAIN, M.D.,* JO ANNE WHITAKER, M.D.,* and JANET MARTIN, M.D.1 
DALLAS, TEXAS 


AILURE to demonstrate lead lines in 
children with early lead poisoning does 
not rule out this diagnosis. 

Around 1930 several American? 1?14619,20 
and Japanese?!" workers demonstrated 
that a recognizable metallic band appeared 
at the ends of growing bones in infants and 
children absorbing appreciable amounts of 
lead. Since that time the roentgenographic 
demonstration of these transverse bands 
has been considered to be one of the most 
significant signs for the diagnosis of lead 
poisoning. 

This report presents data showing that 
lead lines are absent in most cases of early 
lead poisoning. For this reason, and also 
because heavy transverse bands may be 
found in apparently normal children, we 
agree with Caffey's* statement that roent- 
gen findings must be given secondary con- 
sideration when making the diagnosis of 
lead poisoning. 


PROCEDURE AND PATIENT MATERIAL 


Lead poisoning was diagnosed by the 
usual clinical manifestations and labora- 
tory determinations and confirmed by the 
versenate diagnostic test.?! 

There is an overlapping of values for 
urinary lead in normal children and those 
with lead poisoning. Nelson's! textbook of 
pediatrics gives normal values for urinary 
concentration of lead as zero to 400 ug./l.; 
the values for children with lead poisoning 
range from 35 to 720 ug./l. It is the policy 
at this institution to hospitalize all children 
with pica and basophilic stippling (whether 
or not there are other signs of lead poison- 
ing) and subject them to the versenate 
diagnostic test. Urine is collected for 24 


hours prior to the administration of eda- 
thamil calcium disodium (versenate) and 
during the 24 hours of versenate adminis- 
tration (75 mg./kg. intramuscularly, di- 
vided into three doses at 8 hour intervals). 
If the diagnostic test demonstrates an ex- 
cretion of lead in the second urine specimen 
of more than 500 yg./I., there has been ex- 
cessive ingestion of lead-containing sub- 
stances. 

Roentgenograms of the long bones of 31 
children with lead poisoning and 17 control 
children from the Parkland Memorial Hos- 
pital and the Children’s Mecical Center, 
Dallas, Texas, were compared. The 48 un- 
labeled roentgenograms were evaluated in- 
dependently by Dr. Janet Martin (Assis- 
tant Staff Radiologist, Children’s Medical 
Center, Dallas) and Dr. John Caffey (Pro- 
fessor of Pediatrics, University of Colorado 
Medical Center, Denver). Their interpreta- 
tions were compared with the initial read- 
ings of the hospital’s radiology staff. 

The control children were hospitalized 
for a variety of conditions. All had normal 
versenate diagnostic tests. Thirteen of the 
17 controls had iron deficiency anemia. 

It is difficult to separate early lead 
poisoning from late lead poisoning, unless, 
of course, encephalopathy is present. A 
child who has been ingesting lead-contain- 
ing substances for only a short period of 
time may have many of the symptoms and 
signs associated with plumbism, while 
another may have only mild involvement 
after many months. For the purpose of this 
report, the lead poisoning cases were di- 
vided into early and late cases on the basis 
of their pre-versenate urinary lead levels. 
All children with levels of less than 35 ug. /l. 


* Department of Pediatrics, University of Texas Southwestern Medical School, Dallas, Texas. 
T Assistant Staff Radiologist, Children's Medical Center, Dallas, Texas. 
This research was supported by Research Grant NB-03436-02 from the National Institute of Neurological Diseases and Blindness, 


The National Institutes of Health, U. S. Public Health Service. 
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were included in the early lead poisoning 
group. All children with levels of 35 wg. /1. or 
more or who had evidence of encephalopa- 
thy were included in the late group. 


RESULTS 


Su in "Table 1 i 

Seventeen patients were placed in the 
late lead poisoning category. Their ages 
ranged from 14 months to 4 years with an 
average age of 2 vears. This group included 
8 patients with symptoms and signs of 
encephalopathy. Of the 17 roentgenograms, 


only 2 were read as positive by all 3 ob- 
servers. Seven roentgenograms were read as 


positive or borderline bv 2 observers, and 3 
were read as positive or borderline by 1 ab: 


server. Five were called normal by all 3 
observers. 


There were 14 patients in the early lead 
poisoning group. Their ages varied from 9 


months to 44 years with an average age of 


20} months. One roentgenogram was read 
as positive bv 1 observer and borderline by 
2 observers, and 1 was called positive by 

1 and borderline by 1 observer. Two were 
Tw as positive by 1 observer. Ten were 
called normal by all 3 observers. 

The 17 control patients ranged in age 
from 1 ๐ months to § years (average age 19 
months), except for 1 child of 13 years. 


Sartain, Jo Anne Whitaker anc Janet Martin 
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Fourteen of the roentgenograms were 

called normal bv all 3 observers. Two were 
reported as border line bv one observer. The 
remaining roentgenogram was read as posi- 
tive by 2 observers. This was of a 20 month 
old white female with poliomyelitis (Type 1 
virus isolated from stool) who developed 
residual paralvsis. This child had a history 


of pica and constipation. She had a micro- 
cytic hypochromic anemia (which re- 


sponded to iron therapy) without baso- 
philic stippling. The urine was negative for 
coproporphyrin. A flat roentgenogram of 
the abdemen revealed one fleck of radi- 
opaque material in the region of the cecum. 
A 24 hour urine specimen before versenate 
was reported as 89 ug./l. Following admin- 
istration of versenate, she excreted 424 
ug./l. of lead. These levels are equivocal; 
and, although she was proved to have polio- 
mvelitis. further examination should be 
done to determine if she had coexisting 
plumbism. 


COMMENT 


Symptoms and laboratory manifesta- 
tions associated. with lead poisoning are 
shown im Table ri. 

The symptoms of lead poisoning are of- 
ten vague and may simulate other condi- 
tions. Pica is almost invariably a symptom 
of children with lead poisoning; however, 
other symptoms such as vomiting, consti- 
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Earlv Lead | | positive | 2 | 
Poisoning | 144 borderline | ๐ | 
| normal | {2 j 
ก positive | 
Controls | 17 1 borderline | 1 | 
| | nor mal | 15 | 


| uis of. 


EVALUATION OF RGENTGENGGRAMS 


De tin's die 'TDTE etation | EM c Caficy “y's 7 เก รน 


E 


posi tive he rde ind o positive ‘borderline normal 





o | 1 box do ค ภู ๐ MEE 

2 | 23 bow v us d & p 

o os i how. i 3» 4 [ MEE 

ว 4 ๐ S te do ow 1 ๐ |^ 26 
| ก. ; | | 

e. t4 i Dog co 3 o | IO 

I | ๐ 5 ก we d ๐ rF d 
| | | | 

๐ | o Lo. xo xe d ว 1 

e 3g I | 14 | O | ๐ «ชู 
| i i | | 


Vor. 91, No. 3 


Children with Early Lead Poisoning 599 


TABLE II 
INCIDENCE OF SYMPTOMS AND LABORATORY FINDINGS ASSOCIATED WITH LEAD POISONING 


- Symptoms Per Cent of Patients 


pation, lethargy and irritability may not be 
present. 

The classic anemia with polychromasia, 
hypochromia, microcytosis, and basophilic 
stippling suggests the diagnosis of plum- 
bism, but may appear only after irreversible 
damage has occurred. In our experience the 
"fluorescyte prep"? has been a valuable aid 
in the rapid diagnosis of lead poisoning, but 
is only of questionable use when anemia is 
not present. Sugar and protein may be 
present in the urine on the basis of renal 
damage. Increased concentration of copro- 
porphyrin in the urine is often found. 
When present, these laboratory findings are 
helpful, but the diagnosis cannot be ruled 
out in their absence. The demonstration of 
radiopacities in the abdomen is also helpful 
in some cases. 

With encephalopathy there may be ele- 
vation of the total protein and occasionally 
of the blood cell count and pressure of the 
cerebrospinal fluid. 


DISCUSSION 


Of the many available descriptions?5914. 
16,19,20 of the skeletal changes associated 
with lead poisoning, the most classic is that 
of Park and colleagues." 

The ability of organic bone to absorb 
and deposit the salts of calcium and phos- 
phorus creates their contrasting appear- 
ance from other tissues on roentgenograms. 

'The factors necessary for the production 





of transverse bands of increased metaphy- 
seal density in the bones of patients with 
lead poisoning are rapidly growing bones 
and the deposition of appreciable quantities 
of lead and calcium salts. Adult humans! 
and dogs? do not develop lead lines. Child- 
ren with rickets do not have lead lines until 
healing begins and mineral 1s deposited in 
the bone.*? 

Lead lines vary in width but can be as 
much as § mm. wide. They rapidly acquire 
a chalk-like whiteness and can be accom- 
panied by a parallel line of similar density 
separated by a few millimeters of more 
normal appearing bone. They are most 
readily found in the fastest growing bones— 
anterior ends of ribs, and in the iliac crests. 

In children with growing bones and 
available calcium, the time of appearance 
of lead lines is dependent upon the amount 
of lead ingested and the metabolic activity 
of the bones. It should be remembered, 
however, that they are not generated 
rapidly enough to be visualized during the 
earliest phase of lead poisoning and that 
they form more slowly in older children.’ 
Toxicity may intervene before roentgeno- 
grams are diagnostic. It requires approxi- 
mately 3 months for lead lines to appear 
after the inhalation of lead, and up to 6 
months when lead is ingested.’ 

Only 17 per cent of patients with early 
lead poisoning had positive or borderline 
roentgenograms, compared with 45 per cent 
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of the late cases. Four of the 8 children with 
lead encephalopathy had normal bone 
roentgenograms. 

With prolonged and chronic exposure to 
lead, bands of increased metaphvseal den- 
sity will surely develop. In the early case, 
however, they are frequently absent and, 
eo a very unreliable sign. Their ab- 
sence does not rule against the diagnosis 
and should not prohibit further search for 
chemical evidence of plumbism. 

Confusion with the normally dense meta- 
physes in children from 18 months to ap- 
proximately 3 years of age is perhaps the 
most common cause for a false positive 
diagnosis of lead poisoning. The normal 
growth lines are usually not so thick or 
heavy as the lines produced by lead. 

Two of the 17 control roentgenograms 
were read as borderline by one of the ob- 
servers. Neither child had any of the signs 
or symptoms associated with lead poison- 
ing. Both of these roentgenograms were 
interpreted to be normal by Dr. Caffev. 
One of the control roentgenograms was 
read as positive by two observers and nor- 
mal by Dr. Caffey. This child had polio- 
myelitis, but because of the history and 
laboratory findings consistent with plum- 
bism, should have further work-up. 

Less frequent causes of dense transverse 
bands are bismuth deposits,’ changes pro- 
duced by aminopterin administration,*®® 
healing rickets,'® vitamin A deficiency? and 
metallic phosphorus.?: 

The early diagnosis of lead poisoning 1s 
imperative if we are to prevent permanent 
neurologic damage. A history of pica should 
alert the physician of the possible ingestion 
of lead. The usual laboratory determina- 
tions should be done and the diagnosis con- 
firmed by the demonstration of excessive 
urinary excretion of lead following a test 
dose of versenate. 





SUMMARY 


Transverse bands of increased metaphys- 
eal density ("lead lines") are often absent 
in children with early lead poisoning. Con- 
versely, young children may have dense 
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metaphyses normally. For these reasons, 
roentgenogrephic findings should be given 
secondary consideration when diagnosing 
lead poisoning. The absence of lead lines in 
the long bones should not discourage fur- 
ther search for chemical evidence of plum- 
bism. 

Sartain, M.D. 


y 
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We are grateful to Doctor John Caffey for his 
interest in this project and for the time spent in 
interpreting these roentgenograms. 
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METAPHYSEAL DYSOSTOSIS* 


REPORT OF FIVE FAMILIAL A: 





:D TWO SPORADIC 


de 


CASES OF A MILD TYPE 


By KAZIMIERZ KOZLOWSKI, M.D. 


POZNAN, POLAND 


HE clinical and roentgenographic find- 
A ings of most of the different skeletal 
dvsplasias resemble one another to some 
degree, and exact clinical and. roentgeno- 
graphic classifications are impossible in 
some cases. The existence of mixed, inter- 
mediate, and abortive forms causes addi- 
tional diagnostic difficulties. Furthermore, 
there are some intrinsic skeletal diseases 
which resemble one another so closely that 
clinical differentiation of them is unsatis- 
factory even after detailed study. 

For these reasons, the roentgenographic 
identification of mild changes characteristic 
of metaphyseal dysostosis in healthy ap- 
pearing patients of small stature is impor- 
tant and useful because, at present, there 
are no other means of recognizing them. In 
severe cases, the roentgenographic diagno- 
sis is conclusive, but when the changes are 
slight the diagnosis often remains uncer- 
tain. 

Weil? recognized two clinical types of 
metaphyseal dysostosis; the mild Schmidt 
type’ and the severe Jansen type; however, 
in some patients, the irregular uneven 
changes in different bones in the same in- 
dividual suggest a mixed type.’ Catal? 
points out that occasionally. even the 
metaphvseal and the epiphyseal types of 
dysostosis overlap. 

In this paper, 6 children and 1 adolescent 
are described. All were short-—below the 2 
standard deviation normal range in height 
and weight (Fig. 1) and all had normal bio- 
chemical tests. We believe that these pa- 
tients are examples of the mild form of 
metaphyseal dysostosis because of the 
deficiencies in mineralization of the shafts 
at the metaphyses. 


REPORT OF CASES 


Case 1. B.A., a boy, 12 years and 10 months 
of age, was admitted to the Pediatric Clinic on 
December 12, 1961, because of his short stature 
(Fig. 2). He was the second child of healthy 
young parents. Gestation and delivery were 
uncomplicated and he appeared to be normal at 
birth. Growth and development were thought 
to be normal during the first several years of 
life; however, when the child was 6 years of 
age, he was conspicuously shorter than other 
children of his age and this difference in stature 
continued to increase, During the last few 
years, when he was 9 to 12 years of age, “he 
stopped growing altogether." Otherwise he had 
always been healthy. The father was of normal 
height. The mother, who died some years be- 
fore, was said to have been short but her exact 
height was unknown. Two sisters of the mother 
were also said to be short, but healthy. The 
exact height and weight of Case 1 at the time 
of admission are given in Table 1, and are com- 
pared with the normal in Figure 1. His labora- 
tory findings are given in Table n. On physical 
examination, some shortening of the limbs was 
found. Roentgenograms of the hands were 
taken to determine his bone age and the meta- 
physeal disturbances in the distal ends of the 
radius and ulna were first noted (Fig. 3.7). 
Roentgenograms of the entire skeleton showed 
normal development of all the epiphyseal 
ossification centers. In the metaphysis of the 
long bones, however, the clear cartilage zones 
were deepened and the ends of the shafts were 
irregular. These changes were most pronounced 
at the distal femoral metaphyses and the proxi- 
mal tibial metaphyses (Fig. 3B). The lumbar 
and lower thoracic vertebral bodies were 
slightly flattened with some marginal irregu- 
larities, which we considered at this age normal 
mineralization of the vertebral rings. The 
frontal bone bulged slightly outward and there 
was questionable orbital hypertelorism. The 


* From the First Pediatric Clinic, Medical School, Poznan, Poland; Director, Dr, med. T. Rafinski. 
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lic. 1, Graphs of median height and weight for 4 boys and 


AM 





mm 


girls—2 standard deviation range (according to 


7 
Stuart and Stevenson). The heights of all 6 patients were well below the lower limits of the 2 standard devi- 


ation normal range. 


bone age in the hands was normal according to 
the standards of Pyle and Greulich. No other 
diagnostic changes were found in the skeleton. 
In our opinion, the incomplete mineralization 
of the ends of the shafts warranted the diagno- 
sis of mild metaphyseal dysostosis. 





Case 2-5. Because of this diagnosis, the 
father and 4 siblings of Case 1 were examined. 
The age, height, and weight of these siblings 
(Case 2, 3, 4 and 5) are shown in Table 1 and 
with the exception of Case 2, who was omitted 
because of his older age, are compared with the 
normal in Figure 1. The laboratory findings 
for the 4 siblings are given in Table i. Phys. 
ical examinations revealed in all of the siblings, 
as in Case 1, a slight shortening of the limbs 


3»— 


Fic. 2. Case 1. Boy, aged 12 years, 10 months. Pho- 
tograph of patient showing that although short 
for his age, he has no gross deformities. The muscu- 
lar development 1s excellent. 
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with possible bulging of the forehead and 
questionable orbital hypertelorism. The physi- 
cal findings in the father were normal. The 
roentgenologic findings in all siblings were 
similar to those of Case 1. A satisfactory ap- 
praisal of the metaphyses in the 16 year old 
brother (Case 2) was impossible because the 
epiphyseal ossification centers had already 
fused with their shafts. In Cases 3 and 4 the 
changes were most obvious in the distal ends 
of the ulnae, radii and femora, as well as in the 
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Fic. 3. Case r. C4) Right hand and (B) knee at 12 
years, 10 months of age, show deepened trans- 
verse clear zones between the ends of the shafts 
and the epiphyseal ossification centers. The deep- 
ening 1s due to inadequate mineralization at the 
end of the shaft; the ossification centers are nor- 
mally mineralized. The changes are most marked 
in the radius and ulna, but are also clearly seen in 
the metacarpals and phalanges when compared 
with an average normal hand (Gruelich and Pyle). 
The edges of the shafts are irregular but the shaft- 
ward edges of the ossification centers are smooth. 
Changes of this kind are found in juvenile rickets, 
juvenile hypophosphatasia and juvenile meta- 
physeal dysostosis of the mild type; the normal 
biochemical findings in this patient exclude the 
first two diseases. At the knees the clear zones 
between the shafts of the femur and tibia and their 
epiphyseal ossification centers are deepened and 
have the same significance as the lesions in the 
hands. Arrows point to the deepened clear zones 
and the irregular edges of the shafts. Similar find- 
ings were present in this patient's siblings (Cases 
3, 4, and 5 whose ages were 11,9, and $ years, re- 
spectivelv). 


proximal end of the tibial shafts as in Case 1. 
In Case 5, however, no diagnostic changes in 
the distal radial and ulnar metaphyses were 
found, but there were distinctly abnormal 
changes in the proximal tibial and distal femoral 
metaphyses. The diagnosis of metaphyseal 
dysostosis of mild type seemed warranted for 
all of these siblings. 


Case 6. S.P., a boy, 11 years and 10 months 


of age, was admitted to the Pediatric Clinic be- 


Tage f 


Case ae Height Weight 
* Age x H x 

No. (cm.) (kg.) 
I 12 yr, 10 mo, 127 31.000 
2 16 yr. 158 60.100 
3 11 yr., 8 mo, 129 32.250 
4 9 yr., 6 mo. 12506 29.500 
§ 5 yr., 6 mo. 103 20.100 
6 FT vr., IO mo. 120 26.000 
p 1I yr., 9 mo. i24 28.750 
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cause of short stature, on October 18, 1962. He 
was the second child of healthy young parents 
and his gestation and delivery were uncompli- 
cated. He appeared to be normal at birth and 
weighed 2,600 gm. His motor development was 
normal. His speech, however, was retarded; he 
hrst began to talk effectively during his fourth 
year. At about thesame time, the mother noticed 
that he was shorter than other children of his 
age and this difference increased during the 
following vears. He did well and had no serious 
illnesses of any kind. The findings on physical 
examination were all normal. His vocabulary 
was poor but the general impression of the 
psychiatrists was that his low [.Q. of go re- 
sulted from environmental factors. D?! uptake 
was normal. His height, and weight are given 
in Table 1 and Figure 1, and his laboratory 
findings in Table 11. On roentgenographic ex- 
amination, the metaphyseal clear zones were 
found to be deepened and the edges of the 
shafts irregularly mineralized. These changes 
were pronounced at the distal metaphvses of the 
ulnae, radu, and femora and at the proximal 
metaphyses of the tibiae. Pneumography of the 
brain was normal. 


Case 7. S.W., a girl, 11 years and 9 months 
of age, was admitted to the Pediatric Clinic 


because of short stature on October 29, 1962 
(Fig. 4). She was the second child of healthy 
young parents. Her gestation and delivery 


were uncomplicated and the infant was thought 


Tank H 


Alkaline 


Phosphatase 


Case Ca P 


No. (mg. per cent) (mg. per cent) (Bodansky 
units) 

I 9.4 1.9 ed 

2 

x 9.4 4.0 Tob 

4 gil 369 {9.2 

5 9. 4.1 9.4 

6 10.4 4.1 ud 

7 9.85 4.0 0.4 


Other laboratory studies in Cases 1, 6, and 7 included routine 
blood and urine examinations, urine chromatography, electro- 
phoresis, glucose tolerance tests, analysisof stomach and duodenal 
juices, and nonprotein nitrogen determination, Serum urea and 
stool fat were within normal limits. The roentgenographic gastro- 
intestinal examinations were also normal, ไต Cases 3, 4, and ชุ 
the laboratory studies included routine blood cell counts, urin- 
alysis, nonprotein nitrogen, serum urea and urine chromatography. 
All findings were within normal limits. 
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Fic. 4. Case 7. Girl, aged 11 years, o months. Pho- 
tograph of patient showing that there are no ab- 
normalities although she is short. The muscles are 
well developed. 


to be normal at birth. However, she was not 
weighed or measured. Both mental and motor 
development were normal. When she was 6 
vears of age, her mother first noticed that she 
was shorter than other children of her age, and 
this difference continued to increase. During 
the last few vears it seemed that she had 
stopped growing. She was alwavs asympto- 
matic. The height of her mother was 142 cm. 
and of her brother, 14 years of age, 142 cm. 
The father was said to be one head taller than 
the mother. The physical findings were all 
normal with the exception of shortness of 
stature. The patient's height and weight, at the 
time of admission are given in Table 1 and 
Figure 1 and the laboratory findings in Table 
11. On roentgenographic examination, the 
metaphyseal clear zones were deepened and the 
ends of the shafts were irregularly mineralized. 
These changes were especially nected in the 
distal metaphyses of the ulnae, radii and 
femora and in the proximal metaphyses of the 
tibiae (Fig. 5, 4 and B). 
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DISCUSSION 


The only complaint of all the patients 
was shortness of stature. In Case 1, the 
metaphyseal disturbances in the distal ends 
of the radial and ulnar shafts prompted us 
to make roentgenograms of his entire 
skeleton. When the diagnosis of meta- 
phvseal dysostosis appeared evident, his 
father and all siblings were also e Sa RO, 
All of the children were almost identical 
morphologic types with shortness of stature 
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Fic. 5, Case 7. (4) Right wrist and (B) knee at 1i 
years and 9 SHOR ERS, The clear, cartilaginous trans- 
verse zones between the shafts and the epiphyseal 
ossification centers are deepened and the meta- 
physeal edges of the shafts are slightly irregular. 
As in all of the described cases, the deepening of 
the cartilage space between the edge of the shatt 
and the epiphyseal ossification centers is due to 
inadequate mineralization of the shaft. The ossi- 
fication centers and the shafts are normally min- 
eralized and their shaftward edges are smooth. 


due to slight shortening of the extremities. 
In all the roentgenographic findings in the 
metaphyses were similar and thus the 
diagnosis of metaphyseal dysostosis seemed 
warranted. The changes were most promi- 
nent in the distal metaphvses of the radii, 
ulnae, and femora, and in the proximal 
metaphyses of the tibiae. It is probable, 
although not proven, that the 16 vear old 
short brother had had metaphy seal lesions 
similar to those of his siblings in his early 

childhood, before the shafts and epiphy seal 
ossification centers fused. Both roentgeno- 
grapaic and clinical findings were normal 
in the father. The mother and 2 of her sis- 
ters seemed to have been conspicuously 
shor:. The shortness of stature and the 
similarity of the roentgenographic changes 
in Cases 1, 2, 3, 4 and § indicate almost 
certainly a dominant inheritance of this 
disease. In Cases 6 and 7, however, no rela- 
tives were conspicuously short and these 
two appeared to be sporadic cases with a 
recessive tvpe of inheritance, or perhaps 
inheritance due to mutation. In all in- 
stances the children appeared to be of nor- 
mal length at birth and their shortness was 
not noticed during the first 3 years of life. 
The growth deficiency, owes er, Was recog- 
nized in the fourth vear of hfe by the 
mother of 1 case (Case 6); in the other 
cases the mothers noticed the shortness of 
stature at about 6 vears of age. This short- 
ness was confirmed later in our clinical 
examinations in all cases. In all cases the 
main roentgenographic changes were the 
deepened clear zones between the end of 
the shafts and their epiphyseal ossification 
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centers which were normal. This deepening 
of the cartilage space when normal epi- 
physeal ossification centers are present is 
certain evidence of inadequate ossification 
at the end of the shaft. Changes of this kind 
are found in mild refractory rickets and 
also in the juvenile mild type of hypophos- 
phatasia. The presence of normal phos- 
phorus content in the sera and the absence 
of low serum phosphatase activity exclude 
these two possibilities and imply the diag- 
nosis of metaphyseal dysostosis by exclu- 
sion. The exact age of the patients at onset 
of the roentgenographic changes cannot be 
determined from our observations because 
we saw none of the children during the first 
months or years of life; however, there were 
no diagnostic changes in the radii and ulnae 
in Case 5 at § years of age, although dis- 
tinct changes were present in the bones at 
the knee joint. It seems likely that early in 
the disease the roentgen examination of the 
knees would be more informative than the 
roentgen examination of the hands; how- 
ever, in older patients, the hands show the 
unmistakable changes in all of the tubular 
bones as well as in the radii and ulnae. 
McKusick’ points out that, when studied 
singly, the small number of individuals of 
the general population with mild manifesta- 
tions of disease cannot be considered as ab- 
normal because of resemblance to normal 
variants. These slight manifestations, how- 
ever, can be recognized as abnormal when 
the total genetic and clinical picture of en- 
tire families is studied and evaluated. 
These statements emphasize the neces- 
sity of knowing the height of children be- 
fore roentgenograms of the hands are inter- 
preted for skeletal age. The radiologist who 
notices slight bone deficiencies in the meta- 
physeal regions should be much more care- 
ful in evaluating them as abnormal when 
the height of the child is below the normal 
range. He can confirm his opinions by com- 
paring his findings with normal standards 
and by the study of other metaphyses in 
the patient, and also by making the same 
studies in other members of the family. By 
this means more cases of metaphyseal dys- 
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ostosis would be-recognized. Caffey has 
long stressed the difficulty in differentiating 
the normal variant in the normal growing 
skeleton from the findings of early mild 
disease. We want to emphasize that the 
changes encountered in our children—deep 
clear cartilage zones—should be classified 
as variants with extreme caution. Accord- 
ing to Dorland, "variation" 1s a deviation 
in the characteristics of an individual from 
those typical of the group to which he be- 
longs. “Abortive” signifies "cutting short" 
in the course of a disease, and its termina- 
tion without complete evolution.? It is often 
impossible to draw a sharp line between 
normal variants and the abortive forms of 
metaphyseal dysostosis. The major prob- 
lem in the classification of all of endochon- 
dral dysostoses is illustrated by the difficul- 
ties encountered in our mild cases. These 
difficulties, of course, are due to the great 
difference in the severity of the disease in 
different individuals and different families. 
In all of our cases the metaphyseal dis- 
turbances were less marked than those in 
the intermediate Schmidt type, and there 
were no grass deformities of the extremities. 
But the changes, after careful study, could 
not be classified as normal. When the mor- 
phologic, roentgenographic, and genetic 
data were taken into account, an incom- 
plete form of metaphyseal dysostosis was 
recognized by the lessened height of all of 
the siblings and the presence of deepened 
cartilage zones in all of the siblings in one 
family. These mild cases seem to fill the gap 
between the normal and the Schmidt 
moderate type of metaphyseal dysostosis; 
and point out the gradation of this disease 
from our abortive mild form through the 
moderate Schmidt type on to the most se- 
vere Jansen variety. Probably, detailed 
biochemical, histologic and genetic studies 
will supply more sensitive diagnostic tests, 
and, perhaps, even the cause of the meta- 
physeal dysostosis syndrome. In the mean- 
time, adequate roentgenographic examina- 
tion and evaluation of children with short 
stature and without biochemical evidence 
of other diseases will probably uncover 
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more families with findings similar to those 
of our patients. 


SUMMARY 


Seven cases of shortness of stature with 
metaphyseal irregularities and deficiencies 
in mineralization are reported. Six were 
children ranging in age from 6 to 12 years 
and 1 was an adolescent, 16 years of age. 
Four of the children were siblings of the 
adolescent. A diagnosis of the abortive 
form of metaphyseal dysostosis was made 
in these cases because of the changes in the 
ends of the shafts at the metaphyses and 
the absence of biochemical findings indica- 
tive of refractory rickets or hypophospha- 
tasia. The importance of shortness of stat- 
ure in pointing to a mild degree of meta- 
physeal dysostosis is emphasized. 

Because of the great variation in the 
roentgenographic findings in patients with 
the different types of metaphyseal dysosto- 
sis, its classification is difficult and would be 
greatly enhanced if various degrees of meta- 
physeal dysostosis could be found in single 
families. 


Roosevelta 9 M 1 
Poznan, Poland 
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FAMILIAL OSTEOECTASIA WITH MACROCRANIUM* 


N 19:56, Bakwin and Eiger! described a 

Puerto Rican girl, 73 years old, with 
bowing and generalized osteoporosis of the 
long bones, multiple fractures and macro- 
cranium. The clinical and roentgenologic 
findings did not fit into any recognized syn- 
drome. A diagnosis of osteogenesis imper- 
fecta was considered, but it was rejected 
because of two features which were consid- 
ered incompatible. The medullary cavities 
in the unfractured bones were expanded 
instead of being narrowed and the bones of 
the skull were greatly thickened. 

The history, briefly, was one of repeated 
fractures, beginning before the end of the 
first vear of lite. Subsequently, fractures of 
the long bones of the upper and lower ex- 
tremities occurred at the rate of about 2 
each year. Bowing of the extremities and 
enlargement of the head were noticed at 
about 3 vears of age. At 74 vears the serum 
calcium varied from g.1 to 11.2 mg. per 100 
cc. at different times, the serum inorganic 
phosphorus varied from 3.1 to 6.0 mg. per 
100 cc. and the serum alkaline phosphatase 
activity fluctuated between 5.9 and 23.7 
Bodanskv units. On two occasions the ester 
cholesterol was reduced, later it was nor- 
mal! 

Since 1956 this patient, referred to as 
Case 1 in the present paper, has been in 
Bellevue Hospital repeatedly with frac- 


and 1967 multiple osteotomies and intra- 
medullary nailings of the right femur and 
tibia and the left tibia were performed in an 
attempt to straighten the lower extremities. 
In 1959, because of pain and great swelling, 
the right femur was incised and a large 
cvst containing brown fluid was found. A 
diagnosis of aneurvsmal bone cvst was 
made. She was in an automobile accident in 
1960 and sustained fractures of the left 
humerus, left femur and right tibia. These 
healed well. 





Fig. 1. Case 1 in 1962. Aged 14 years. The head is 
large, the forehead high: There are generalized 
deformities, in part due to the primary bone dis- 
ease, in part to fractures. 


The head has continued to grow. The 
head circumference has increased from 60 
to 65 cm. and the thickness of the skull in 
the parietal region from 2.5 cm. in 1956 to 
4.2 cm. in 1962. Át present she is 14 vears 
old (Fig. 1), incapacitated and confined to 
a wheel chair. Her skull roentgenogram is 
shown in Figure 2. 

Examination of the fundi by Dr. A. M. 
Denbv revealed earlv macular degeneration, 
grosslv constricted visual fields with a rela- 
tive central scotoma in both eves and, in 


* From the Department of Pediatrics, New York University College of Medicine, New York, New York. 
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LABORATORY DATA 


Case 1* 


Case H 


Blood 

Hemoglobin (gm. per cent) 11.0 4710.5 

Hemoglobin electrophoresis Adult Adult 
hemo- hemo- 
globin globin 

Sickle cell preparation N PM ative Negative 

Whize blood cells Qu eO 

pclymorphonuclears GOSI 









iv mphocvtes 34570 
monocvtes » 
eosinophils ๐ 
Serm 
Calcium (mg. per cent) ก จ 3,370.2 
Inorganic phosphorus 
(mg. per cent) podas Bd 
Alkaline phosphatase ac- 
tivity (Bodansky units) 20-22 324. 
Acid phosphatase activ- 
lic. 2. Case 1 in 1962. Roentgenogram showing the ity (Bodansky units) Cut Ons 
greatly widened skull, Sodium (mEq./L.) 142 139 
Potassium (mEq./L.) 4.4 db 
the electroretinogram, grossly diminished Chloride (mEq.; /L.) 103 103 
scotopic and photopic potentials. CO: content (mE, 1 = 25 
| 2 ไห อ ท content (ug. percent) 130 cO 
Recent laboratory data are included in Teon ed ec eg UN i 
TE . ron binding capacity 
Pable 1. Leukocyte alkaline phosphatase (ug. per cent) 130 363 
examinations by Dr. Donald Briggs over a boca electrophoresis Normal — Normal 


period of 2 weeks gave values of r70; 230 


Protein (gm. per cent) 


and 145 (normal values 20 to 8o). Increased un 743 pu 
aibumen 2.7 1.9 
leukocy tic phosphatase ac tivity T present in ไก พ T P oe 
globulin 3.6 3.2 
association with chronic infections, mongo- Urea nitrogen 
lism, polvevthemia, acute ee ง and a (mg. per cent) 1 ๐ 1 ๐ 
number of other pathologic states. Fhymol turbidity (units) os 2 
Recently, a vounger sister of the patient Glutamic oxaloacetic [8 49 
E: SEE Bale ete a ee ce LE E transaminase (Karmen 
and the only sibling (Case 11) was admitted es 
to Bellevue Hospital at the age of 11 years oo Cholesterol (mg. per cent) 165 เว ว 
because of weakness and fatigability. VDRL Negative Negative 


Boue marrow smear Normal Normal 
REPORT OF A CASE Chromosome pattern Normal Normal 
^ ^ : | - Urine 
Case 11. Conchita R. was born Puerto ‘ 
ds B ; p 6.0 6.0 
Rico. She grew and developed normallv until "P > 
: Specific gravity เข อ ย blood 
2 years of age when bowing of the lower ex- 1.033 M 
* $ à ind : rad -5 Eae] Eo ๕ VÀ e 
tremitles was noticed. At 3 years she fell and Aei Ahsent- Absent 
broke her right femur. This healed well but the Sugar Absent oo Absent 
bowing progressed in the lower limbs and de- Sediment Negative Negative 
veloped in the upper limbs as well during the Aminoacid pattern Normal | Normal 
next few years. At 7 years of age she fell and Sukowitch test p i 
broke the right humerus. Healing was prompt. phosphorus output | 
: ul 2 "9 3 yry ^r 
The deformities increased during the past 4 0 » hr.) j^» 040 
; 2 ES ab Creatinine ciearance 
years. Her height was about average for her F Mb ae 
age and, despite her deformiti he walked CE 25 
age and, despite her deformities, she walked à | | f 
s 0 1 แล ล ล an] Negative Hookworm 
well. She is normal mentally and has progressed 0080 


well in school. Three to four weeks prior to ad- * Values obtained in 1962. 
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mission she became easily fatigued and weak. 
She then was brought to New York City by her 
mother. She had been treated for intestinal 
parasites in Puerto Rico. There was no history 
of melena or bleeding elsewhere. Menses had 
not begun. 

The skin and mucous membranes were pale. 
Her head was large with a broad forehead, The 


face was wide, the nose fat and broad and there 
was moderate orbital hypertelorism (Fig. 3). 


T 


The neck was normal. The chest was symmetric 
* but short. The liver was palpable 2 em. below 
the right costal margin. The spleen and kidneys 
were not felt. The external genitalia were nor- 
mal. There was mild dorsal kvphosis and lumbar 
lordosis and a slight. C-shaped dorsolumbar 
scoliosis convex to the left. 
All the long bones were widened. Cubitus 
valgus with 20 degree flexion contractures was 





on the nasal side of the disk above and a smaller 
angioid streak below, as well as the hyaline re- 
fractile body and three more hvaline bodies tem- 
poral to the disk are seen. 


present at both elbows. The right humerus was 
bowed anteriorly. Genu valgum was present 
with moderate anterolateral bowing of both 
femurs waich were widened in the antero- 
posterior diameters. Both lower legs were bowed 
anteriorly with large anteroposterior diameters 
suggestive of sabre shins. The fourth toes were 
short. 

The blood pressure was normal. 

Audiometry showed a mild, mixed hearing 
loss on the right and moderate mixed hearing 
loss on the left. 

Four teeth had cavities. Roentgenograms 
showed lace-like trabeculation of the mandible 
and maxilla and intact lamina duras, Skin 
biopsy was normal. 

The scleras were white. Muscular balance was 
normal, Visual acuity was 12/16 on the left and 
[5/70 on the right. The visua, fields were nor- 
mal as was color vision. Fundoscopic examina- 
tion revealed on the nasal side of the right disk 
an anglokl streak, appearing as a white cho- 
roidal defect with thin, irregular black pigment. 
Two similar angioid streaks were seen in the 
left fundus. In addition, in the left eve just 
temporal to the left disk, a single hyaline refrac- 
tile body and just temporal to the macula 3 

SS more hyaline bodies were seen (Fig. 4). An 
Fic. 3. Case ri. Aged 11 years. The head is large, the electroretinogram demonstrated slightly dimi n- 
forehead high, the face wide. Crouching stance. lshed scotopic and photopic potentials which 

Bowing of the lower extremities and the right may be within the lower limits of the normal 

humerus. range. 
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LABORATORY DATA 


The laboratorv data on the 2 sisters are 
shown in Table i. The serum calcium was 
slightly reduced, varying from 8.5 to 10 
mg. per 100 cc. in the older sister and 8.3 to 
9.2 in the younger sister. The serum phos- 
phorus was usual ugh. The serum alka- 
ine phosphatase activitv was also moder- 
ately elevated, from 20 to 24 Bodanskv 
nits. Following a fracture of the cla vicle, 
the serum phos phatase i in Case 11 rose to 
44.6 Bodansky units. 

On admission Case 11 showed a hemo- 
globin of 4 gm. per 100 cc. The stools con- 7 | | 
tained hookworm. Th hemoglobin rose to bic. s. C) The pe aS แร ะ ม อ ก ร ไอ ไ 6 

: ae asymmetric and the iliac bone 
10.5 gm. following treatment for the hook- 
worm and the iron deficiency. Other blood 
constituents were normal, 
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In Case i1 following the injection of 200 COCHE ว ง 2 
units on parathvroid extract, the phos- The long bones of the lower extremitie 
phorus reabsorption decreased bv 13 per were greatly expanded, bowed, and osteo- 





cent. A similar result was obtained in Case porotic. The cortices on the concave sides 
I. These decreases are in the normal range. were thickened. The bony texture was 
Case rr showed a norma e alkaline 
phosphatase activitv on 3 occasions (values 
(675 545 78). 











Fic. $. (D and E) The bones of the upper extremity 
are expanded, the cortices slightly thickened. The 
bones of the hand are expanded. All the bones are Fic. ชุ. (G) 
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Phe bones of the skull are greatly widened 
osteoporotic and show coarse markings. and show a patch of increased density. 


Harry. Bakwin, 





Fic, 6, Case ni. Microscopic appearance of bone. The 
marrow spaces are filled with vascular fibrous tis- 
sue. There is a moderate amount of osteoclastic 
and osteoblastic activity. 


coarse with numerous transverse lines. The 
bones of the upper extremities were also ex- 
panded and osteoporotic, the cortices 
slightly thickened. The right humerus was 
shghtlv angulated at the site of an old frac- 
ture. The bones of the hands were expanded 
and osteoporotic with coarse trabecula- 
tions. The fourth metatarsal bones were 
short. 

The bones of the calvarium were greatly 
thickened, measuring 2.5 cm. in the pariet: d 
region. A round patch of increased density, 
about 1 em. in diameter, was visible in the 
left frontal region. 

The pelvis was constricted in its trans- 
verse diameter, which produced mild intra- 
pelvic protrusion of the acetabulums and 
narrowing of the obturator foramen. The 
iiac bones were flared. The ribs and spine 
were normal. 


Archie Golden end Sheldon Fox 


Jaffe, 


Manca, 1964 


Bone biopsy, reported by Dr. Henry L. 
showed that the cortex was lamel- 
and practically all of the osseous 
was of the nature of primitive, 
coarselv-fibered bone. In the spaces be- 
tween the osseous tissue there was highlv 
vascularized loose connective tissue. Osteo- 
clasts were seen but were not excessive. 
Osteoblasts were also present (Fig. 6 j). Dr. 
Jaffe stated “My impression is of pro- 
foundly porotic cortical bone. If this is 
osteogenesis imperfecta 1t is very atv picas 


lated 
tissue 


The section in no wav resembles Paget's 
disease.” 
FAMILY HISTORY 
The parents were first cousins. T here was 


no family historv of blue scleras, fragile 
bones or deafness. The parents’ eve-grounds 
were normal. 





Fic. 7. G7 and B) Roentgenograms of the mother 


Vel 


showing similar done changes. There is expansion 
of the left radius, left tibia and lett fibula, and 
thickening of the cortex on the inner side of the left 
tibia. 
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Roentgenograms of the father's bones 
showed onlv shortening of the fifth right 
metacarpal. 
The mother was of average height with- 
out clinical deformities. The head was 
large, the hair-line low and the face very 


wide. Roentgenograms of her bones re- 
vealed changes similar to those i in the pa- 
tients but less marked (Fig A-D). The 
skull bones were thickened. 
There was one round, 2 -outlined 
patch of increased density, 1.2 cm. in 


diameter, in the parietal and two 


similar patches in the frontal region. The 
left radius and left Abula were slightly 


wider than the right. The left tibia was 
considerably expanded. The cortex was 
thickened just above the middle of the left 
tibia on the outer aspect. The right fifth 
metacarpal was short, measuring 4.0 cm. 
as compared with the left Wir measured 
4.7 em. The fourth metacarpal was also 
slightly shorter on the right. No changes 
were seen in the feet. 








the mother's right 


^ 


(C) Roentgenograms of 


Ic 


tibia and fibula show very little change. 
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(D) There is sl 


light thickening of the mother's 
are areas of increased density in 


Iss 
skull and there 
the skull bones. 


Serum calcium, inorganic | phosphorus, 
alkaline and acid phosph atase in. both par- 
ents were normal. 


DISCUSSION 


Two sisters with generalized bone de. 
formities are described. The medullary 
cavities of the long bones were greatly ex- 
panded and the cortices were thickened 
and osteoporotic. The bones of the lower 
extremity were bowed outward and for- 


ward. The skull bones were greatly thick. 
ened, 


The serum alkaline phosphatase activity 
was regularly and moderately elevated in 
the younger sister; the older sister, how- 
ever, had a normal value in one examina- 
ton. The serum alkaline phosphatase 
activity was normal in the parents. 

Both sisters showed angen ‘ative changes 
in the retina: macular degeneration in the 


older sister, probably vo forerunner of 
retinitis pigmentosa; and angioid streaks 


in the vounger sister, 
which mav be the forerunners of retinitis 
punctata albescens. Angioid streaks have 
been described in association with Po 
xanthoma elasticum, Paget's disea Pd 
cell disease, primary elastic tissue ' 
tion and certain macular degenerations. 


i 
and hvaline bodies 
h 
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The mother showed the following bone 
changes: expansion of the left tibia with 
cortical thickening, expansion of the left 
radius and left fibula; wide skull bones with 
localized areas of increased density and a 
short right fifth metacarpal. The father 
showed only shortening of the right fifth 
metacarpal. 

Since the report by Bakwin and Eiger in 
1956, 8 similar cases have been recorded in 
the literature.?~ The present Case 11 makes 
the tenth case. 

Choremis eż a7? described a boy, 11 years 
old, who had changes in the long bones and 
skull similar to those observed in our pa- 
tients. A bone biopsy showed marked ac- 
celeration of the two processes, resorption 
and formation of bone with abundant osteo- 
clasts in the areas of absorption which was 
interpreted as typical of Paget's disease. 

Swoboda* described 2 sisters with a se- 
vere, generalized, symmetric osteopathy 
associated with marked tenderness of the 
extremities. The shafts of the long bones 
were greatly widened, bowed, and osteo- 
porotic. The cortices were thickened. In 
addition, the skull bones were thickened 
with isolated patches of osteosclerosis. The 
serum alkaline phosphatase activity was 
markedly elevated in one child (130 King- 
Armstrong units), in the other 1t was nor- 
mal (5.7 Bodansky units). In the bone 
biopsy the distinctive feature was the corti- 
cal new bone formation. This was made up 
of narrow trabeculae which were normally 
calcified in the centers or showed as small 
islands. Between these, and in the deeper 
portions, there was some resorption of the 
bony plates. There was also extraordinarily 
rich connective tissue with variable cell 
and fiber content but with numerous thin- 
walled vessels. Numerous osteoblasts were 
present on the surfaces of the trabeculae. 
'The osteoclasts were not increased. The 
bone marrow was not remarkable; 1t was 
reduced in amount. 

Under the heading of "chronic idiopathic 
hyperphosphatasia" Caffey? assembled a 
group of cases with roentgenologic changes 
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closely resembling those observed in our 
patients and added 4 of his own. The dis- 
tinctive features were the expanded and 
bowed long bones with thickened cortices 
and the widened skull bones. Muscle weak- 
ness was present which sometimes delayed 
the onset of walking, and later limited 
activities such as walking, running and 
jumping. In severe cases all the tubular 
bones, including the ribs and the hands and 
feet, showed thickened cortices. The heavy 
cortex sometimes encroached on the medul- 
lary cavities with narrowing and, in some 
instances, obliteration. 

On microscopic examination of the bone, 
the thick cortex was found to be made up of 
thin, primitive trabeculae which showed 
active bone resorption as well as bone pro- 
duction. The intertrabecular spaces were 
filled with vascular connective tissue. The 
haversian system was almost obliterated. 
Contiguous cancellous bone was sharply re- 
duced 1n amount. The microscopic picture 
excluded Paget's disease, when criteria ap- 
plicable to adult cases were used. 


SUMMARY 


A syndrome has been described with the 
following characteristics: The disease be- 
gins early in life possibly during the first 
year in some cases. The condition is famil- 
ial. The most prominent clinical deformi- 
ties are the large head and the expanded 
and bowed lower extremities. Motor dis- 
ability 1s present to a greater or lesser de- 
gree. Intelligence is unaffected and the 
internal organs are normal. The alkaline 
serum phosphatase activity is usually ele- 
vated. The serum calcium is often slightly 
reduced but values below 8.0 mg. per roo 
cc. have not been observed. Fractures, 
shortening of some of the finger and toe 
digits, fever, pain and tenderness have been 
Observed in some patients. 

Roentgenograms show greatly expanded 
long bones, usually including the hands and 
often the feet, and osteoporosis with coarse 
trabeculation. The bones of the lower ex- 
tremities are bowed, The cortices are thick- 
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ened, most strikingly on the concave as- 
pects of the bowed bones in the lower ex- 
tremities. 

The bones of the skull are markedly 
thickened. Islands of increased density 
may also be present. 

Microscopic examination shows numer- 
ous thin trabeculae and active bone resorp- 
tion and new bone formation. The intertra- 
becular spaces are filled with vascular 
connective tissue. 


Harry Bakwin 

New York University 
College of Medicine 

550 First Avenue 

New York 16, New York 
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THE TRISOMY 18 SYNDROME* 


By M. B. OZONOFF, M.D., HOWARD L. STEINBACH, M.D., and PETER MAMUNES, M.D. 


SAN FRANCISCO, CALIFORNIA 


ECENT improved techniques of 
chromosome investigation have per- 
mitted a more accurate classification of 
several previously described syndromes of 
radiologic interest. Knowledge of the basic 
chromosomal aberrations associated with 
gonadal dysgenesis, Klinefelter’s syndrome, 
and Down’s syndrome (mongolism) has 
aided in clarifying these diseases and has 
greatly improved the possibility of accurate 
prognosis and genetic counseling. 

The newer techniques, which allow more 
detailed examination and classification of 
the individual chromosomes, have also re- 
vealed previously unnoticed findings of im- 
portance in clinical pediatrics. On retrospec- 
tive analysis, the physical features were 
remarkably similar in those children in 
whom an extra chromosome in a specific 
group was observed. One genetic anomaly 
involves the presence of 7 instead of the 
normal 6 autosomal chromosomes in the E 
or 16-18 subgroup. This abnormality has 
been referred to as the No. 18 trisomy syn- 
drome,? trisomy 17-18 syndrome,” tri- 
somy 16-18," or E syndrome.? The present 
report comprises a brief review of the ap- 
plication of these new techniques, and an 
analysis of the roentgen findings in a case of 
trisomy 18 syndrome and in previously re- 
ported cases. 


TRISOMY 18 SYNDROME 


Smith e 4/5 have described the salient 
clinical features of this syndrome. They 
observed mental retardation, moderate 
muscular hypertonicity, failure to thrive, 
low-set or deformed ears, small mandible, 
flexion of the fingers with overriding of one 
finger on another, and foot deformities. 
The contrast between the common signs 
and some of the less frequent features of 
this disease are shown in Table 1. 


The pathologic features in this syndrome 
vary somewhat, but some aspects are 
strikingly consistent. Of 18 patients on 
whom necropsy results are available, ven- 
tricular septal defect, averaging 8 mm. in 
diameter was found in 17. Patent ductus 
arterlosus was seen in 8. Diverticulum of 
the ileum was also common, being present 
in 8 patients; the site averaged 42 cm. 
proximal to the ileocecal valve. Anomalies 


TABLE I 


PHYSICAL ABNORMALITIES IN 25 PATIENTS 
WITH TRISOMY 18 SYNDROME" 


Sex: Females 19 
Males 6 
Age: Average ageatdeath 3.7 months 
Average maternalage 32 years 
Average paternal age 35 years 
Head: Small mandible 18 
Prominent occiput 8 
High-arched palate 6 
Chest: Short sternum 11 
Extremities: Flexed fingers 19 
Decreased hip abduction 12 
Foot deformity, rocker-bottom 
or club foot 9 
Overlapping fingers 8 
Short toes 8 


Less common abnormalities included: Head and 
Neck: Narrow frontal area, cleft-palate or hare lip, 
hypertelorism, short neck. Thorax: Abnormal shape 
or symmetry, pectus excavatum, widely spaced nip- 
ples, prominent vertebral spines, scoliosis. Upper 
Extremity: Increased shoulder mobility, short fingers, 
angulation of fingers or hands, supernumerary digits. 
Lower Extremity: Small pelvis, prominent femoral 
necks, flat arch, metatarsophalangeal dislocation, 


partial cutaneous syndactyly, dorsiflexed great toes. 


* Includes the present case and those reported by Brodie and 
Dallaire, Crawfurd, Edwards sf a4," Gagnon ef 4,5 German 
et al., Smith et aj. 91$ Steinberg and Jackson,!* Townes ef al, $N 
Uchida ef al, 5t 


* From the Departments of Radiology and Pediatrics, University of California School of Medicine, San Francisco, California, 
This work was supported in part by Grant AM 02589-05 from the U, S. Public Health Service. 
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of the urinary tract included ureteral 
duplication, renal cortical malformation 
and horseshoe kidney. Membranous defects 
in the diaphragms were also found in some. 
A defect in the anterior cerebral falx was 
occasionally seen, but usually the brain was 
normal. Many other deformities were seen 
with less frequency (Table 11). 

The abnormalities described are usually 
noted at birth. Failure to thrive and a gen- 
eral downhill course had been noted in all 
previous cases, with an average survival 
time of only 3.7 months. Of the 24 patients 
reported previously, 18 were females. Es- 
sential to the diagnosis of this disease is the 
identification of an extra chromosome in 
the 16-18 group. The following report de- 
scribes the twenty-fifth patient reported to 
date and the oldest survivor known. 


REPORT OF A CASE 


This girl was born in 1953 after an unevent- 

ful pregnancy, except for a transitory maternal 
virus infection in the first month. The mother 
was 32 years old, and the father 36; no blood 
relation to each other is known. One sibling is 
normal and there is no history of familial dis- 
ease. 
The infant weighed 5 pounds, 13 ounces at 
birth. Unassisted breathing was reported to 
have been delayed but details are not known. 
Development was slow, and she was not able to 
sit at the age of 2 years. Anomalies had been 
noted at birth, and when mental retardation 
became obvious at 24 years she was admitted 
for care to a state hospital. 

On examination at that time prominent 
frontal bosses, high-arched palate, nystagmus, 
and unequal pupils were noted. Anterior dis- 
location of the hips and club feet were present, 
and increased deep tendon reflexes and patellar 
clonus could be produced. The intelligence 
quotient was estimated at 20. A systolic mur- 
mur was heard, and after several episodes of 
heart failure, a diagnosis of pulmonary hyper- 
tension was made. Her weight remained below 
the third percentile for her age. 

Roentgen examination at the age of 7 years 
was said to have given evidence of a bone defect 
in the right clavicle, increased vertebral body 
height, narrow phalangeal shafts, and an en- 
larged heart with right ventricular prominence. 
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Tase II 


FREQUENT PATHOLOGIC OBSERVATIONS AT NECROPSY 
IN 18 PATIENTS WITH TRISOMY 18 SYNDROME 


Ventricular septal defect (average 8 mm. 
diameter) 17 

Patent ductus arteriosus (2 to 12 mm. diame- 
ter) | 

Ileal diverticulum (average 42 cm. proximal 
to ileocecal valve) 

Double ureters 

Diaphragmatic defects, muscular or 
membranous 

Accessory pancreas 

Horseshoe kidney or malrotation 

Short sternum with abnormal segmentation 

Bicuspid pulmonic valve 


-] co eo 


A ซั ซั แค เก 


Less frequent findings included: Skull and brain: 
Wormian bones, abnormal cerebral or cerebellar 
gyri, defective falx anteriorly. Lungs: Malsegmenta- 
tion. Gastrointestinal: Ectopic gastric mucosa, car- 
dioesophageal stenosis, pyloric hypertrophy, pan- 
creatic fibrosis, hypoplastic gallbladder and common 
bile duct, accessory spleen, small or large bowel 
malrotation. Genitourinary: Cystic renal cortical mal- 
formation, crossed ectopia with fusion, ureteral 
stenosis or atresia, ureterocele, posterior urethral 
web, deficient ovarian tissue. Musculoskeletal: 
Scoliosis, anamalous costochondral junctions, de- 
layed ossification, syndactyly, absent thenar, rhom- 
boid, or posterior deltoid muscles. 


Bone age was estimated at 1.5 years (chrono- 
logic age 7 years). 

When chromosome investigation showed her 
karyotype to be trisomic for 1 of the 16—18 group 
chromosomes, she was admitted to the Univer- 
sity of California Medical Center for study. In 
addition to the findings previously described, 
low-set ears were present, somewhat deformed 
by deficiency of cartilage. Two brown, non- 
elevated nevi were seen in the skin of the lower 
chest. The nipples were widely spaced (Fig. 1). 

A left precordial bulge was present, associ- 
ated with enlargement of the heart to the left. 
A Grade 11” diastolic murmur was heard along 
the left sternal border at the second intercostal 
space. A I cm. defect of the umbilical abdominal 
wall without herniation, was palpable. All 
muscles were soft and small, and the joints were 
lax, allowing free passive motion without nor- 
mal tone or resistance. The fingers, terminally 
clubbed and slightly cyanotic, were held in 
flexion and ulnar deviation but could be easily 
extended by the examiner. The second and third 
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Fic. 1 Ado year old girl with trisomy 18 syndrome. 
Muscle atrophy is evident. The extremities and 
fingers are in their usual attitude, but a small 
amount of active motion and full range of passive 


motion present. There is rocker-bottom 


deformity of the foot. 


were 


toes of each foot were webbed and deviated 
laterally. Fingerprints were consistent with the 
pattern described in trisomy 18.77 The results of 
blood chemical studies were normal. An electro- 
encephalogram indicated a gross right temporal 
focus and secondary diffuse cortical distur- 
bance. Further studies divulged no other causes 
of growth failure and the patient returned to 
the state hospital in an unchanged condition. 


CHROMOSOME ANALYSIS 


Only within the last few vears have 
technical advances made possible the 
counting and grouping of the chromosomes 
(karvotvpe analysis) of human cells. By 
this means of examination several syn- 
dromes may be clearly differentiated, and 
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some of the problems raised by the less 
refined process of sex-chromatin typing 
have been solved. 

Material for analysis is most easily ob- 
taine 1 from the blood. Leukocytes are sub- 
jected to modified tissue culture techniques 
and treated with a phytohemagglutinin to 
stimulate mitosis. Colchicine is then added 
to arrest the mitosis at metaphase and to 
inhibit spindle formation.’ Suspension in 


hypotonic saline solution causes swelling of * 


the cells. Gentle pressure may be used to 
accom plish separation of the chromosomes 
and, after straining, they can be photo- 
graphed with high-power magnification to 
facilitite rearrangement and grouping. At 
the Denver Conference," a system of 
nomer clature based on total length and 
arm ratio was formulated so that each 
chromosome pair could be identified by 
number or group. Tjio and Levan,? in 1956, 
showed that the normal human comple- 
ment vas 46 (23 pairs). 

The presence of an extra chromosome 
will, theretore, be reflected in an increase 
in the total number of chromosomes (47 
insteac of 46), and the proper subgroup can 
then be determined by arrangement of the 
chromesomes according to the Denver 
system. The extra chromosome usually 
arises from a process of nondisjunction in 
the germinal cells of one of the parents, 
believe 1 to be most often the mother. The 
normal meiotic process is one of reduction 
divisior, providing each of the gametes 
with ore-half of that parent's complement 
of chromosomes. If any chromosome pair 
fails to separate, this specific chromosome 
will be doubled in this gamete, and, after 
uniting with the counterpart gamete, 3 
chromosomes (trisomy) will take the place 
of the normal 2 of each type. If chromosome 
21 is involved, mongolism results. Another 
svndrome is associated with an extra 
chromosome of Group 13-15.'? If the sex 
chromosomes are involved, Klinefelter’s 
svndrom e will result from a doubling of the 
X chromosome in a male, or gonadal 
dysgenesis from a deletion of the X or Y 
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Fic. 2, Karyotype of the patient arranged according to the Denver svstem. Three No. 18 chromo- 


* 


somes were present (arrow). 


chromosome. Other syndromes involving 
the X and Y chromosomes have also been 
described.: 

The first report of trisomy 18 as a 
clinical syndrome was that of Edwards 
et al^ in 1960. These authors expressed the 
opinion that the extra chromosome was 
number 17 (in the Denver system); further 
study has shown that the trisomic chromo- 
some is more likely number 18, but the 
individual chromosomes in the 16-18 sub- 
group are difficult to identify.” 

A review of all the reported cases shows 
that the average maternal age was 32 vears 
at the time of the affected child's birth. The 
basic defect in the trisomal svndromes is 
believed to result from nondisjunction in 
meiosis in the mother. In patients with 
other syndromes associated with nondis- 
junction (mongolism, Klinefelter's syn- 
drome, and trisomy 13-15),7 this in- 


creased age of the mother was also noted. 
In the present patient with a karyotype of 
47 chromosomes, the extra one was chromo- 
some 18 (Fig. 2). The mother’s age of 32 
years was consistent with che usual in- 
creased maternal age at the time of birth of 
patients with a nondisjunction syndrome. 


CLINICAL FEATURES 


Most or the characteristic features de- 
described in the trisomy 18 syndrome were 
observed in this patient. Her mental and 
growth retardation were striking. The high- 
arched palate, small mandible, and low-set 
deformed ears are characteristic of these 
patients, as are the short sternum and 
shield-like chest produced by widely-spaced 
nipples. Flexion of the fingers and foot 
deformities are also usually seen, the latter 
manifested as some variant of club or 
rocker-bottom foot. The lack of hyper- 
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tonicity was the only unusual feature in 
this patient's syndrome. It was replaced by 
Hexion deformity and Joint laxity produced 
by muscular imbalance. The volume of 
muscle tissue was decreased notably. The 
exact tvpe of her cardiac lesion is still un- 
known; it is consistent with pulmonary 
hypertension secondary to a ventricular 
septal defect. The to vear survival is also 
unusual, being the longest known at this 
time. 


ROENTGENOLOGIC FINDINGS 


In few ot the cases previously. described 
has roentgenologic investigation been com- 
prehensive. The most consistent abnormal- 
ities have been found in the chest. Slight to 
moderate heart enlargement with increased 
pulmonary vascularity was noted in most 
cases. Three patients underwent examina- 
tion with contrast medium. Their respec- 
tive roentgenograms showed ventricular 
septal defect with pulmonary hypertension, 
patent ductus arteriosus, and aortic coarc- 
tation with an aberrant right subclavian 
artery. Usually the only cardiac diagnosis 
possible was that of a left-to-right shunt. 
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Eventration of the diaphragm was also 
noted frequentlv. 

At times the roentgen examination failed 
to confirm the clinical suspicion. Decreased 
abduction of the hips was noted on phvsical 
examination in 12 instances, but on roent- 
gen examination in § no abnormality was 
found. A small mandible thought to be 
present in 18 of the 24 patients was con- 
firmed in only 1 of 7 in whom the mandible 
or neck was examined roentgenologically. 
The roentgen findings in all reported cases 
are shown in Table 111. 

Analysis of the roentgen survey of our 
patient suggests that the findings mav be 
divided into two categories: (1) those pos- 
sibly specific to this syndrome; (2) those 
consequent upon decreased muscle stress in 
what may eventually prove to be a primary 
disease of muscle. In general, the long bones 
showed the manifestations of decreased 
muscle action and isolated other bones 
showed more specific abnormalities. 

The skull, cervical spine, and clavicles 
showed definite bone changes. The skull 

‘as long, although within the normal limits 
for this age. Prominent frontal bosses were 
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ROENTGEN FINDINGS IN TRISOMY 15 SYNDROME (INV ESTIGATIONS IN 19 OF 2$ PATIENTS) 
Skull (Yo examinations): | Lumbar Spine (Y examination): | Feet (continued) 
Shallow or elongated sella 2. | Decreased anteroposterior | Calcaneovalgus deformity I 
Prominent occiput h x diameter 1 | Short toes 1 
Defective ossification p o | Cutaneous syndactyly i 
Small mandible 1 | Shoulder (1 examination): Double ossification centers ot 
Increased mandibular angle t 1| Subluxation calcaneus I 
Ciavicle (3 examinations): | | 
Defective ossification 2 i: Pelis and Hips (7 examinations): Intravenous Urography (8 examinations): 
(No clavicular abnormality | Small pelvis 1 0  Hydronephrosis 1 
noted on 17 other chest exami- | Femoral head dislocation 1 | Crossed ectopia with fusion 1 
nations) i Bilateral ureteral reflux 
| Hands (€ examinations): ' (cystogram) I 
Chest (17 examinations): _ Short phalanges 1 | Double kidney 1 
Diaphragmatic eventration 7 | Short fifth metacarpals 1 
Abnormal shape 2 Angulation, fingers and wrists 0p: Cardiovascular Contrast Studies 
Abnormal ribs 2 No ossification of distal fifth | (3 examinations): 
Short sternum 1 phalanx 1 | Angiocardiogram, ventricular sep- 
Sternum, decreased segmentation. 1 Pseudoepiphyses E tal defect with pulmonary hy- 
Heart, enlarged l4 Abnormal muscular shadows of | pertension I 
Increased pulmonary vascularity H hands 1 |  Aortogram, patent ductus 
Dextrocardia I arteriosus i 
| Feet (6 examinations): Aortogram, coarctation of aorta 
Cervical Spine (4 examinations}: Equinovarus or rocker-bottom with aberrant right subclavian — 1 
Vertebral fusion 1 deformity 5 | 
Vertical talus 4 | Skeletal Maturation (6 examinations): 
Thoracic Spine (3 examinations): Normal 4 
Spina bifida, Dg-10-11 1 Retarded 2 
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Vor. gt, No. 3 
The general shortening of the shaft is 
associated with the decrease of growth and 
of maturation. The excessive tubulation is 
attributed to failure of periosteal bone 
growth, secondarv to insufficient stimulus 
by muscle pull. In this respect, the disease 
would resemble arthrogrvposis multiplex 
congenita, in which a primary muscle ab- 
normality 1s assumed to produce bone and 
joint changes. 


DIFFERENTIAL DIAGNOSIS 


Differentiation of the trisomy 18 syn- 
drome trom arthrogryposis multiplex con- 
genita should not be difficult if chromo- 
somal studies are made. As vet, no cyto- 
genetic aberration has been found in 
arthrogryposis. The pattern of multiple 
anomalies, marked failure to thrive, mental 
retardation, and cardiac and 2 in- 
volvement will distinguish trisomy 18 from 
arthrogryposis, which usually presents none 
of these and resembles trisomy 18 only in 
the muscular and skeletal abnormalities. 
In arthrogry posis the outstanding features 
are Joint stiffness, deficient musculature, 
and contractures. T hese are in contradis. 


tinction to the hypertonicity and lack of 


fibrosis noted in young trisomy 18 patients 
and the laxity seen in our older subject. 
Also, in arthrogrvpotic patients, men- 
tality usually is normal.? 

Trisomy 18 syndrome may be difficult to 
differentiate from am votonia congenita, es- 
pecially regarding the muscular abnor- 
mality. The marked flaccidity of the latter, 
however, has not been described with 
trisomy 18, nor have multiple structural 
anomalies been described as a usual fea- 
ture of amvotonia congenita.’ 


Trisomv of one of the chromosomes of 


Group 13-15 has been associated. with à 
similar picture of skeletal, cardiac, and 
neurologic abnormalities. 101120.2 As yet, 
the cases reported have been too few to 
describe a specific set of characteristics. 
Some of these patients appear identical to 
those with trisomy 18 syndrome and at 
present differentiation 15 difficult without 
chromosome studies. 


The Trisomy 18 Syndrome 627 


SUMMARY 


Chromosome studies of infants and 
children with certain congenital abnormal. 
ities show that a characteristic syndrome is 
associated with an extra chromosome in 
This abnormal genetic con- 
stitution Sr baby results from a failure of 
normal disjunction in the germinal cells of 
one of the parents. 

Most patients were females. Marked 


mental retardation, lag of growth, con- 
genital heart defects, muscular defects 


associated with finger and foot anomalies, 
small mandibles, and deformed ears are 
among the abnorma des seen in children 
with trisomv 18 syndrome. 

Most roentgenologic abnormalities are 
in the bones and can be related to altered 
bone modelling resulting from decreased 
muscular stress. The clinical and roentgen 
teatures of the oldest patient with this 
syndrome reported to date are described, 
and the clinical, pathologic, and roentgeno- 
logic findings in all previously reported 
cases are briefly reviewed. 

Howard L. Steinbach, M.D. 
Department of Radiology 
University of California 


San Francisco Medical Center 


San Francisco 22, California 


We are grateful to Dr. Grange Coffin of the 
Sonoma State Hospital, Sonoma, California, 
who brought this patient to out attention. 
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Fic. 10. The distal soft tissues of the hand are 
thickened and the phalangeal shafts are narrow. 
Pseudoepiphyses are present in the first three 


+ . 


metacarpals. Decreased bone maturation is evi- 
/ 








dent (estimated skeletal age 34 vears, chronologic 


age IO years). 


2* 


phalanges of the fingers and toes was seen, 
and the distal phalanges of the toes were 
minute. Pseudoepiphyses were noted in 
hands and feet. Bilateral vertical talus 
contributed to the rocker-foot deformity 
(Fig. 10 and 11). 

Bone age estimates in the hands and feet 
indicated marked retardation of matura- 
tion. Many carpal centers had not ap- 
peared. The degree of retarded maturation 
was consistent with the growth retardation 
manifested by diminished length of long 
bones and the small stature. The bone age 
was estimated at 34 years, a retardation of 
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more than 6 years. The teeth did not appear 
to share this retardation. 

These findings all suggest that several 
general processes are influential. A few 
specific findings have been described in the 
skull, cervical spine, clavicle, and heart. The 
other bone changes, however, can be 
ascribed to the effect of deficient muscular 
stress following impaired muscular de- 
velopment. This deficiency may be a pri- 
mary feature of this disease or may result 
secondarily from disease of the nervous 
system. Periosteal appositional growth is 
most affected. This leads to a relatively 
normal appearance of the end of the bone, 
an area of endochondral growth, and con- 


siderable narrowing of the central shafts. 














~ 
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iG. 11, Soft tissue thickening, excessive tubulation 
and pseudoepiphyses of the foot are evident. There 
is a vertical talus with talonavicular dislocation 
and the distal phalanges are small, 








rtebral bodies are slightlv decreased in 
height but markedly decreased in anteroposterior 
dimension, The anterior surfaces of the hodie: 
concave in the thoracolumbar region. 














standing dislocation. Coxa valga of the 
femoral necks was present (Fig. 9). 
The distal soft tissues of the fingers and 


* toes were thick. Increased tubulaton of the 














Ic. 7. Gf and B) The total length humerus 
and tibia is decreased. The bones are excessively 
narrow in mid-shatt with marked diminution of 
the medullary space. General demineralization is 
present. The muscles are slender and almost of fat 
density. The subcutaneous fat is increased in 


amount, The humeral head is subluxated. 

















The Trisomy 


E" 


Syndrome 
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hic. 9. There is rotation of the ilia medially, ac- 


centuating the small diameter of the pelvis. The 


- 








sacroiliac cartilages are thick. The Y-cartilages 


and ischiopubic synchondroses have not fused. 
There is complete dislocation of the femoral heads 








with failure of formation of the acetabula. The 
small femoral heads and the coxa valga deformity 


are concomitant deformities. 
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Fic, 


There is a tripartite right clavicle with a bone defect in the central portion (arrow). 


T he ri ths 


are slender and irregular in contour and the humeral heads are mottled. 


caliber cf the  metaphyses contrasted 
sharply with the excessive Cee of the 
mid-shatts. Individual long bones of this 
1 ๐ vear old patie ent measured less in total 
length than in a normal 5 vear old. Re- 
tardation in length was less than in caliber. 
Complete . of the femoral heads 
and subluxation of the humeral heads can 
also be attributed to abnormal or deficient 
muscle pull (Fig. 7, 7 and B). The thin 
left clavicle and narrow ribs were also the 
result of deficient muscular stress. 





hic. 6, The heart is enlarged in the transverse 
diameter. The right ventricle and pulmonary 


artery are dilated and the peripheral pulmonary 
vascularity is increased. The findings are those of a 
left-to-right shunt. 


g of the thoracic and lum- 
bar spine was noted. In both areas the 
height of the vertebral body was slightly 
less than normal. This shortening was of 
lesser degree than that seen in the long 
bones. The anteroposterior diameter and 
interpediculate distance of the vertebral 
bodies were significantly decreased. These 
changes were more obvious in the lumbar 
than in the thoracic areas. The anterior 
faces of the vertebral bodies were concave 
in the lower thoracic and upper lumbar 
regions. Lumbar lordosis was increased 
(Fig. 8). The changes in the spine and ex- 
tremities reflect a significant lack of peri- 
osteal apposition, probablv a result of 
muscular weakness and decreased stress. 
Particularly is this evident when the 
diminished width trom lack of appositional 
growth is compared with the more nearly 
normal height of the vertebrae, which is a 
product of endochondral ossification. 

The pelvis was small and each half wa 
rotated medially so that the pane 
width of the ilia was diminished and the 
diameter of the obturator foramina ac- 
centuated. Nonfusion of the pubis and 
schium was apparent, reflecting the re- 
tarded maturation of the ap tom The 
sacroiliac cartilages were thick. The femoral 
heads were small and and no 
acetabula were identifiable, indicating long- 


Slight scoliosis 
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seen. The calvarium was generally thin, 
with prominent diploic veins in the PET 
bone, and the sella turcica was elongated 
and เล น Ae sre of mune 
mandible w : 
less acute fo on seen at ee age, 2 
view of the general retardation shown, T 
resemblance to a vounger age conforma- 
tion could be expected. The dentition was 
not retarded (Fig. 3). 

The bodies of the second, third, and 
fourth cervical vertebrae were fused and 
the spinous processes were long and narrow 
(Fig. 4). The lett clavicle was thin but not 
abnormal otherwise. The right clavicle 
was tripartite, with a thin mec lial segment, 
a hooked, shortened central portion, and a 
curved lateral segment (Fig. 5). 

Except for the heart, visceral changes 
caliber of the small 


were not seen. The 
bowel was generally increased but the 
mucosal pattern and transit time were 


normal. The colon was dilated and redun- 
dant. No bowel diverticula could be shown. 
Intravenous urography demonstrated good 
excretion bilaterally with normal kidnevs, 
ureters, and bladder. 

The transverse heart diameter, right 
ventricle, and main pulmonary artery were 
enlarged. Pulmonary vascularity was in- 





bossing. 


3. The calvartum is thin with frontal 
There is an elongated and shallow sella turcica 
and the diploic veins in the frontal bone are promi- 
nent. 


Fic. 


The Trisomy 18 Syndrome 





Fic. 4. The second, third, and fourth vertebral 
bodies are fused. The spinous processes are long 


and slender. 


creased. A diagnosis of left-to-right shunt 
was made ( Vig. 6), 

We are of the opinion that the other 
bone changes can be ascribed to a primary 
muscular defect. The total soft-tissue 
shadows in the extremities were much 
thinner than in the normal individual, with 


the muscle components markedly de- 
creased. The fraction of the total shadow 


produced by subcutaneous fat was mark- 
edly increased. The muscular shadows were 
almost the same density as the fat, suggest- 
ing fatty replacement of many of the 
muscle bundles. The long bones at mid- 
shaft measured much less in total diameter 
than expected for their length. Most of 
this decrease was present in the portion 
normally occupied by the medullary space. 
The cortex itself was only slightly thinned 
in the mid-shaft. The more nearly normal 
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cases and suggested that the term juvenile 
xanthogranuloma be used. Over 200 cases 
have been reported.*:? 

The classic skin lesion is a small, cir- 
cumscribed vellow papule. Early lesions 
may be pink. In one series? they were pres- 

ent at birth in one-fifth of the cases. They 

are usually multiple and found on he scalp 
and head. The trunk and extremities may 
also be involved. The lesions range in size 
from a few millimeters to 1.5 centimeters. 
Skin lesions may not occur until after the 
appearance of lesions in other organs. 
Spontaneous remission is the rule. There 
are no alterations in the serum lipids. 

The exact relationship of juvenile xan- 
thogranuloma to other lipoidal histocy toses 
or thereticuloendothelioses is u nclear. There 

s evidence to support its separation into a 
jd entity as: (1) distinct histologic dif- 
ferences exist; (2) transformation from one 
into the other has not occurred; (3) the 
course of the disease is benign with spon- 
taneous remission; and (4) the iris lesions 
seen 1n Juvenile xanthogranuloma have not 
been reported in the reticuloendothelioses." 
The histologic examination of the various 
lesions seen in this condition is quite 
accurate.’ The skin lesion consists of 


circumscribed collection of large, polygonal 
or spindle-shaped mononuclear cells in a 
groundwork ot connective tissue. The cyto- 
plasm is usually clear but may contain fat 
causing a foamy appearance. 


The lesions 





Fic. 3. Brow-up lateral pneumoencephalogram dem- 


onstrating no abnormalities, 


Aanthogranuloma of the Orbit 





.haracteristic lesion from soft tissues in 
the apex of orbit. (B) Invasion of bone. (C) Diag- 


Fic. 4. (A) C 


nostic lesion in skin biopsy. One Touton cell is 
present in the center of the field. 


involve the corium. Occasionally, the sub- 
cutaneous tissue 1s involved. Doo tvpe 
giant cells are characteristic and are made 
up of lipid cytoplasm rimmed by nuclei. 
Eosinophils and newly-formed blood vessels 
may be present. 

In a recent review Sanders reported 20 
patients having intraocular involvement.’ 
In all but 3 the onset of the disease was 


632 


under 3 years of age. The iris was involved 
in every case and was usually described as 
being diffusely thickened with a muddy 
discoloration of the stroma. A localized iris 
mass was present in 3 patients. Spontane- 
ous anterior chamber hemorrhage and 
secondary glaucoma were usually present. 
Where skin lesions were specifically looked 
for, they were present in 8 of 12 patients. 
None of these 20 had intraorbital yet extra- 
ocular involvement as in the patient being 
reported. 

Although the disease is self-limited, radi- 
ation therapy has proved to be of benefit in 
those cases where further progression may 
be harmful to vital structures. The object of 
treatment to the globe has been to suppress 
histiocytic proliferation so that the com- 
plications of anterior chamber hemorrhage 
and glaucoma do not develop. 

Hedges! treated one iris lesion with sor 
per treatment to 400 r over a period of Io 
days (100 kvp., 15 ma., 24.5 cm. target skin 
distance, half value layer 3 mm. Al). The 
lesion cleared in 3 days and no recurrence 
had. occurred after a 2 year follow-up. 
Maumenee and Longfellow‘ treated 2 pa- 
tients. The first was given 600 r in a single 
dose to the iris and medial side of the 
globe (50 kvp., 20 ma., 1.8 cm. target skin 
distance, no filter, half value layer 0.28 
mm. Al). The lesion regressed completely in 
one year. A small lens opacity was present 
on follow-up examination 5.years later. The 
second patient received 500 r ih 100 r in- 
crements over 6 days (200 kvp., 20 ma., fo 
cm. target skin distance, half-value layer 
1.0 mm. Cu). One year later, although there 
was no evidence of xanthogranuloma pres- 
ent, a central lens opacity had appeared. 

Systemic and topical steroids may be 
given a trial. Diamox and miotics may also 
be used to treat glaucoma.* 

Other causes for orbital destruction in 
this age group would include the reticulo- 
endothelioses, particularly Hand-Schüller- 
Christian disease and Letterer-Siwe disease, 
metastatic neuroblastoma, ^ neurofibro- 
matosis with or without a meningo-enceph- 
alocele, leukemia, rhabdomyosarcoma, 
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retinoblastoma, optic glioma, arteriovenous 
fistula, retrobulbar hematomas of scurvy 
and trauma, acute and chronic infectious 
disease arising in the orbit or paranasal 
sinuses, and benign orbital neoplasms such 
as hemangioma. If the characteristic skin 
lesions of juvenile xanthogranuloma are 
present, the correct presumptive diagnosis 
could be confirmed by biopsy. 


SUMMARY 


A case of intraorbital involvement of 
juvenile xanthogranuloma with partial 
destruction of the involved orbit is re- 
ported. Awareness of the condition and its 
associated characteristic skin lesions may 
avold enucleation or surgical exploration. 


Tom W. Staple, M.D. 
sio South Kingshighway Boulevard , 
St. Louis 10, Missouri 
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OBSERVATIONS ON THE CONSTITUTION 
OF THE PETROSA* 


By G. B. ELLIOTT, 


CALGARY, 


HE French simply name the petrous 

bone "the rock" for in adults it is 
mainly ivory-hard bone. Orientation of its 
buried structure is very difficult and the 
reason why few radiologists achieve a mas- 
tery of its inner constitution. 

In consequence, the detailed labyrinthine 
and attic projections of Stenvers, Owen," 
and Mayer, have been slow to super sede 
those devised in the pre-antibiotic era to 
detect acute mastoiditis. Advances in pre- 
cise microscopic aural surgerv of cholestea- 
toma need the attic-ad ditus views as urged 
bv Compere.? Unfortunately, the minutiae 
so beautifully shown without distortion, bv 
hvpocycloid movement of the Massiot 
tomograph,^ do not give the complete 
picture on which detailed orientation must 
be built. This uncer tainty soon disappears 
by personal roentgenologic studies of mid- 
term fetal skull bases. 

These are peculiarly valuable for as 
Shambaugh? relates “developmental his- 
tory of the ear is remarkable and without 
parallel... the inner ear is the only organ 
that reaches full adult size . . . by mid term.” 
This odd characteristic has been known 
since 1670 from a series of meticulous stud- 


ies, especially the superb reconstructions of 


Bast.? Their roentgenologic counterparts 
are little explored. The fetal membranous 
labyrinth develops a bony shell of adult 
shape and size, which stands in roentgeno- 
logic relief for a period during fetal life. 
While Compere? notes that “at operation 
the otologic surgeon starts with a definite 
mental picture of the anatomy which will 
confront him,” the radiologist thus has 
means to see the same. 

We wish to show how the petrous bone is 
built up in adults from this stage. The com- 
plexities of the bone structure of the petro- 
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ve base of 
in circumference (34 months). 


Vic. 1. Roentgenogram of fetal skull, 
which is I8 cm. 
The bony labyrinths are almost adult in shape 
and size and are distinctly visible. 


sal ridge dis 
logically 


appear when correlated physio- 


METHOD AND FINDINGS 

Roentgenograms of a series of aborted 
fetuses serially representing the ages be- 
tween 2 and 7 months were first surveved. 
These confirmed Hill's! opinion that the 
earliest roentgenographic representation of 
bony labyrinth appeared in the third 
month. We found the clearest complete 
bony shell to be unobscured by adjacent 
ossification in fetuses of suboccipitofrontal 
skull circumference of 22 cm., that is 
around 24 weeks.!? The lateral semicircular 
canal is last to ossify (Fig. 1 through 3, 
inclusive). 


* From the Department of Clinical Laboratories, Calgary General Hospital and Department of Diagnostic Radiology, Medica! 


Centre, Calgary, Alberta, Canada. 
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Fic. 2. (4) Right bony labyrinth, 18 mm. in length, of a 53 month old fetus not vet obscured by petrous 


ossification, 


joint; © — stapes footpl: ate, the least ossihed; D- 


The horizontal semicircular canal is not vet ossified. (5) A 
-lateral horizontal canal; E.— posterior superior canal; 


A—tympanic ring; B —malleo-incal 


F— anterior superior canal; G—endolymphatic sac hiatus; H — vestibule; I sb asal turn of cochlear €— 
I— เค อ ล อ พ ร canal; Rocond turn of cochlea; L — sella turcica. 


Fixation of fetal skulls for various pro- 
jections proved difficult. We thus made 
roentgenograms of twenty 4 cm. sections of 

¢ to 7 month fetal skull bases, cut interiorly 
ee the lower margin of the orbits, and 
parallel to the orbitomeatal lines. In this 
manner, unobscured views of the bony 





Fic. 3. Right bony labyrinth of a $$. month old 
fetus, 18 mm. in length, almost touching the sella 
turcica, The circular tympanic ring partially un- 
derlies the inner ear at this age. The malleo-incal 
joint, additus ad antrum and modiolus aperture 
and the semicircular canals are distinct. 


labyrinth were obtained. To our surprise, 
while the labyrinth is well known to reach 
adult size at mid-term, we found this maxi- 
mum length to be practically uniform at 20 
mm. from fetus to fetus. Many authors note 
its precocious development. Where an ex- 
planation is attempted, they regarded it as 
pre-empting of space by bone (Fig. 4). 
This is biologically improbable for bone is a 
notably adapt able structure in growth; the 
sphenoid grows quickly, and even final 
size in bony orbit depends upon the pres- 
ence of the soft developing eve. Why then 
does a labyrinthine sense organ grow inde- 
pendently? 

Itis clearly not to 0 hearing, for the 
middle ear is filled by gelatinous fluid for 
about a month after birth. Equallv, the 
newborn infant is gravity bound and can- 
not alter its head position for several weeks. 
The roentgenologic clue of uniform bony 
labyrinthine size suggests that the cochlear 
end organ receptors may have a mathe- 
matically predetermined size derived trom 
the frequencies they are to reproduce for 
conversion of sound components into sepa- 
rated nerve stimuli. Thus, unlike all other 
organs, its size need not be linked to the 
rate of bodv growth. 
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This is supported by other roentgeno- 
logic evidence, for the tympanum, bon y 
tympanic ring, and ossicles also reach adult 
size in mid-fetal life. This contrasts with the 
external ear canal, which does not split from 
within out until the seventh month, and 
the pinna, which grows with the rate of the 
body in general. The fetal squamous tem- 
poral bone, however, is also relatively small 
and the bony external auditory canal does 
not grow until after birth. As a result, the 
tympanum and its bony ring tend to 
underlie the lateral portion of the fetal bony 
labyrinth” as illustrated here. At this age 
the mastoid process and petrous pneumati- 
zation have not developed to obscure these 
features. 


Previous attempts on the problem of 


demonstrating bony labyrinth in its en- 
tirety for orientation have included metallic 
casts? wire insertion," fixation of land 
marks by injection of radiopaque media, 
silver impregnation, followed by roent- 
genography and serial laminagraphy.? 
None are simple and all have required a 
very high degree of skill. Hlustrations show- 
ing the orientation of the inner ear iz situ 
are dre; 





ORIENTATION 


The internal auditory meatus can be used 
as the key marker from which the probable 
positions of other structures can be m apped. 
What is often regarded as the lateral LR 
mm. of the internal auditorv canal is sur- 
rounded bv the basal coil of the cochlea 
housing modiolus and the spiral ganglion; 
the medial remainder holds also the vestib. 
ular ganglion and the facial nerve. It 
seems likely that the relative positions of 
these bundles determine the normal varia- 
tions in diameter noted between contra- 
lateral acoustic canals." In adults the basal 
coil is just under 2 mm. in tubal diameter 
and g mm. in circumference. In the fetus 
the cochlear coil almost touches the sella 
turcica and onlv recedes with lengthening 
of thesphenoid (Fig. 1 through 3, inclusive). 
In the line of the petrous ridge, ร mm. pos- 
terior to the center of the modiolus, lie the 
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Fic. 4. Photomicrograph of the petrous ndge of a 4 
month old fetus showing an epithelial semicircular 
canal (curved arrow) suspended in an arachnoid 
mesh and encased in bony labyrinth measuring 
1.3X0.9 mm. Endochondral ossification has be- 
gun; the periosteum is still membranous (straight 
arrow). 


saccule, utricle, and endolymphatic duct. 
The latter emerges from a common bon y 
vestibule and passes to the posterior fossa; 
Io to 15 mm. posterior to the internal audi- 


COMPARATIVE ANATOMY 


Willis? describes the internal ear “as one 
of the most speedy . . . of all the amazing 
transformations exhibited bv the embryo,” 
taking onlv those weeks of the second fetal 
month. Comparative anatomy helps to 
hx this complex structure in the under- 
standing rather than by a feat of memory. 
The otocyst corresponds roughly with the 
statocyst of fish? with cartilaginous skele- 
tons. This lateral line organ retains connec- 
tion with skin, filled with water and has a 
lining of hair cells. It is a sensor of vibra- 
tions of very low frequencies, for fish are 
quite deaf in the human sense of sound. 

The otocyst evolves posteriorly into 
semicircular canals, phylogenetically an- 
cient structures, 1 in the lowest animals 
and reaching 3 in mammals. In humans 
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Photomicrograph of the petrous ridge of a 43 


lic. g. 
month old fetus. Three patterns of ossification are 


present: continuous “endosteal? labyrinthine 
bone (curved arrow), endochondral bone with 
cartilaginous persistence (short arrow), and perios- 
teal membrane bone in a porous laver (long ar- 
row). 


thev have a predictive balance function. 
They provide stimuli indicating that the 
person will fall unless posture compensa- 
tions are begun without delay. Their sensor 
tufts lie only in basal ampullary dilatations 
set to detect rotational shifts of fluid around 
the canals. The canals are thus escape 
mechanisms for fluid flow and not always in 
precise go degree planes to one another. It is 
easy to remember that they are oriented 
like a ship’s binnacle lamp. 

Connected anterior to the semicircular 
canals, the utricle senses linear centrifugal 
force. Function is still uncertain for the 
linked and apparently similar saccule. The 
otocyst becomes closed off and isolated, for 
example in amphibia, except for part of 
the first gill arch which modifies in higher 
animals to form a hooped chain of ossicles. 
This arc acts as a transformer while carry- 
ing the vibrations collected by the tym- 
panum, diminishing their amplitude and in- 
creasing their intensity in the perilymph at 
the oval window. These pressure waves are 
sensed in the anterior auditory develop- 
ment from the otocyst. This evolves first in 
birds and reptiles as the lagena, a straight 
prolongation! of the equilibration chain in 
the petrous ridge. Its longer length in mam- 
mals is curtailed by two and three quarter 
turns of helical winding capping the inter- 
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nal auditory meatus. In adults the cochlea 
is 11 inches long and it unwound would 


reach into the petrous apex. 


DISCUSSION 


This entire series of structures develops a 
thin, smooth shell, or bonv labvrinth, most 
usually detectable around the sixteenth 
week. Petrous ossification does not obscure 
it roentgenologically until after 6 fetal 
months. This bony rampart does not follow 
intimate narrowings of the inner epithelial 
tubes, but encloses a rim of extra space 
through which perilymph circulates. This 
fluid is probably cerebrospinal fluid, but no 
circulatory pathway is certain. It is 
thought to enter through a fine cochlear 
“aqueduct”? near the glossopharyngeal 
nerve sheath and, to a lesser extent, along 
perineural sheaths of acoustic nerves via 
the modiolus. Most is resorbed in the 
cochlea by the venules of the ligamentum 
spirale. A lesser exit has long been thought 
to be the fine prolongation of perilymph 
space around the slender endolymphatic 
duet which leaves the region of the utricle 
ending posteriorly in a blind sac beneath 
nearby dura. 

This is the only portion of perilymph 
space not shut off by the bony labyrinth 
tion travels by this route to produce cere- 
bellar abscess. While temporal lobe abscess 
is twice as frequent in middle ear disease, 
it is usually a sequel of infected erosive 
attic cholesteatoma. 

The epithelial otoevst induces regional 
chondrification,”” excluding a perilymph 
space, and subsequent ossification of this 
matrix has appeared quite unique and com- 
plex. This is very understandable from 


ont 
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distinct patterns of ossification. >”? Con- 
ventionally regarded meanwhile these are: 

1. A continuous bony labyrinth shell, en- 
closing the perilymph space with epithelial 
canals suspended by an arachnoid mesh. 
Such bone forms directly without pre- 
liminary cartilaginous scaffolding. It has 
been confusingly labelled “endosteal,” 
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D FANTS with colonic and partial ileal 
^ aganglionosis, the long segment form of 
8 S 0 Pon o 


mu 


อา 0 1 ท า ages, ind are often not 


recognized at surgerv. In the majoritv of 


QUEE 


reported cases the correct diagnosis 
has been made mr at autopsy. 

We have observed 6 patients with this 
disease. As a result of early experience, 
criteria have been proposed that have en- 
abled us to diagnose the last 2 cases pre- 
operatively. These include 
normal caliber though of a shorter length 
than usual, lacking the redundant loops and 
curves of the neonatal colon; and (2) a 
pattern suggesting ileal intussusception 
with associated small bowel distention. 


REPORT OF CASES 


Case 1. No. 160 82 25. This 24 
white male infant was seen in 
He was considered a normal full term niano 
Meconium was passed at 36 hours of age. 
History revealed that he had moderate con- 
stipation with periodic diarrhea since birth. 
There was also bile-stained emesis, usually 4 to 
1 hour after feeding. An upper gastrointestinal 
study done elsewhere at 1 week of age was con- 
sidered normal. On admission he was found to 
be below his birth weight, pale and irritable. 
The abdomen was distended with palpable 
loops and the rectum was filled with soft stool. 

Laboratory findings showed a mild anemia 
and a serum albumin of 2.5 gm./100 ml.; the 
remaining studies were normal. A plain roent- 
genogram of the abdomen (Fig. 1,7) showed dis- 
tended air and fluid filled loops of intestine. A 
clinical diagnosis of malrotation was considered 
and barium enema studies were made (Fig. 1, 
B and C). The colon was of normal caliber 
though the sigmoid lacked the normal redun- 


month old 
November, 1962. 





(1) a colon of 


dant character seen in infants and the over.all 
length of the colon appeared shortened. Mild 
retention was seen on the 24 hour roentgeno- 
gram. To exclude the suspected malrotation as 
the cecum had not been identified on the 
enema study, an upper gastrointestinal study 
was performed the next dav. The barium meal 
progressed to a loop of ileum that, on fluoro- 
scopic examination, demonstrated repeated in- 
tussusception over a 20 minute period (lig. 
1D). A roentgen diagnosis of chronic recurring 
intussusception was suggested, possibly second- 
ary to duplication, 

At operation the next day, no intussusception 
was found. A shortened ronnie caliber colon 
was noted with slight thickening of the wall of 
the ascending colon. The terminal ileum ap- 
peared normal with minimal ileal dilatation 
proximally. A cecostomy was performed. 

Postoperative leakage about the cecostomy 
developed and the small bowel dilatation in- 
creased; the patient was re-explored. Again, 
no ก บ ous obstruction was found. Frozen sec- 
tions were then obtained and aganglionosis of 
the colon and ileum was confirmed. An ileos- 
tomy was performed through a section of ileum 
that contained ganglion cells approximately 10 
inches proximal to the ileocecal valve. Since the 
second operation, the patient has been re- 
hospitalized almost monthly because of re- 
peated diarrhea and distention. He weighed 9 
pounds at the age of 9 months. If he survives, 
an ileoproctostomy is planned. 


Comment. After two operations in a case 
where no obstruction could be found, 
suspicion of aganglionosis led to a frozen 
section study and the correct diagnosis. In 
reviewing the case, a marked resemblance 
of the findings on the barium enema ex- 
amination (of normal caliber and short 
length) to 2 of the cases of Bowden, Good- 
fellow, and Munn? was noted. Thee cases, 
the oldest being 3 months of age, died 


* From the Departments of Radiology and Surgery, College of Physicians and Surgeons, Columbia University, and The Babies 
Hospital, Columbia-Presby terian Medical Center, New York, New York. 


Presented at the Sixth Annual Meeting of the Society for Pediatric Radiology, October 7, 1943, 


Montreal, Quebec, Canada, 


1 Scholar in Radiological Research of the James Picker Foundation. 
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lic. 8. (4-D) Spot roentgenograms taken in rapid succession in a case of hypertrophic pyloric stenosis. In 4 
iie Pa pouch is indicated (arrow). The pyloric tit is present in B, C and D (arrows), and has per- 
sisted for the 4 to 6 seconds necessary to expose the 3 films. A true Pelor tit will persist 2 to 8 seconds. 


narrowec, elongated pylorus. 2. Diagnostic criteria are listed for es- 
The observer's ability to visualize this tabli shing the diagnosis. 
interesting phenomenon depends entirely 3. The pathogenesis and specificity of 


on his search for it. It is important that the the sign are discussed. 

stomach be deflated, either by tube suction ta 

or by “burping” during the roentgenologic Children's Memorial Hospital 
examination. A stomach distended by secre- University of Oklahoma Medical Center 
tions or air will not show sufficiently in- 800 N.E. 13th Street 

tense peristalsis and the antrum and pv- Oklahoma City 4, Oklahoma 


lorus may be obscured. nc 
SUMMARY 1. Wintrams, H. J. Hypertrophic pyloric stenosis: 
n; brief review and report in premature twins. Am. 
A new roentgenog graphic sign oF py- J. RogsrcENOL, Rap. TukRAPY & NUCLEAR 


n. obstzuction is described. MED., 1963, 89, 1042-1047. 
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city of the pyloric tit. Thus far, it has been 
observed predominantly in patients with 
pyloric stenosis. This would be expected 
since this disease classically causes the py- 
loric elongation and concentric narrowing 
required for its production, The pylorus 
and first portion of the duodenum must be 
filled to satisfy the criterion that the tit 
stops in the mid-gastric antrum. It is not 
necessary, theretore, that it be used as a 
specific sign in py loric stenosis since the fil- 
ee of ie e anal will establish the 


fale as it oM E Is o first 0 
indication of pyloric obstruction. Further 
experience may prove that the sign 1s more 
specific for py loric stenosis than is presently 

thought. 
The tit has been seen in 


2 patients with 


Charles E. Shopfner 


Marcu, 1964 


pvlorospasm. Its appearance and behavior 
were exactly the same in this condition as in 
pyloric stenosis except that it disappeared 
when the pylorospasm released. Character- 
istically, the pyloric narrowing and elonga- 
tion seen with pvlorospasm disappear 
within 5 to Io minutes, enabling one to dis- 
tinguish it from organic obstruction. 
Occasionally, the normal peristaltic 
pouch may be so prominent as to simulate a 
pyloric tit. Differentiation is not 0 t as 
the normal pouch will not persist, or be- 
come pointed, and it diminishes as it ene 
promptly to the distal end of the pylorus. 
The tit has not been seen with other 
tvpes of obstruction such as duplication 
cvst and ectopic pancreas. This is not sur- 
prising since ordinarily these conditions do 
not produce the required concentrically 





Fic. 7. (A-D) < 


Spot roentgenograms in a case of hypertrophic pyloric stenosis. In Æ and C the wave is 


cada pushing the peristaltic pouch downward (arrows). In B the py lorie tit is fully formed by compres- 


sion of the pouch against the tumor (arrow). 


Note that the tit persists in the mid-antrum and does not pass 


downward. In D the tit has disappeared and another pouch is being formed (arrow). 
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1-D) Spot roentgenograms of patient with hypertrophic pyloric steno 





เล 
peristaltic pouch into a fully developed pyloric tit (arrows). 47, B and C show intermediat 
the progres 





sive narrowing and pointing of the pouch. In D the tit is fully formed. 
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lic. 4. Anatomic sketches showing genesis of pyloric tit in a case of hypertrophic pyloric stenosis. In the top 
sketches a peristaltic pouch has been formed and is progressing downward. In the bottom sketches barium 
is seen in the pyloric canal which is elongated and narrowed by the tumor, which in turn keeps the wave 
from progressing downward. The persistent peristaltic activity compresses the peristaltic pouch against 
the tumor, narrowing and sharpening it into the pyloric tit. 


comes pointed because of an ironing out 
effect of it by the intensitv of the wave 
(Fig. 6, ¢ and B; and 7, A-D). When com- 
pletely formed, the tit persists for several 
seconds as the peristalsis is inhibited from 
passing downward (Fig. 8, .7-D). 

It appears that a concentrically narrowed 
and elongated pylorus is a requisite for the 
production of a pyloric tit. Other tvpes of 
obstruction, either because of eccentricity 


or shortness, will allow the wave to pass 
without producing a tit. 

It is necessary that the following criteria 
be met before a peristaltic pouch be 
labelled a tit: (1) it must be pointed; (2) it 
must stop at a point in the mid-antrum; 
and (3) it must persist for several seconds. 


DISCUSSION 


An important consideration is the specifi- 


LS d 


Fic. 6. 64) A tit is produced as a result of the force of the peristalsis pressing the pouch against the pyloric 
tumor (arrow). In B Arrow 2 indicates a deep peristaltic constriction and Arrow 1 the pouch produced bv 


it. 





lic. 2. Normal stomach. Sequence of sketches showing the pouch created by a peristaltic constriction. [n the 
top sketches the pouch is well formed and is gradually advancing down the antrum. In the bottom sketches 
the pouch is diminishing into nothingness as it approaches the duodenum. In the last sequence another 
pouch has been formed to repeat the process 


+ 





lic. Ns Normal stomach. In 4 the ouch is indicated by the arrow, In B taken a few seconds after f 
: : , 
: X ; x 
the pouch i$ dimimshing as 1t nears the duodenum. 
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THE PYLORIC TIT IN HYPERTROPHIC 
PYLORIC STENOSIS* 


By CHARLES FE. 


Ts tit (Fig. 1) isa projection 
from the lesser curvature of the gastric 
antrum seen in infants with pyloric ob- 
struction. À review of the literature fails 
to reveal a description of this finding; 
however, Williams,! in 1963, stated "In 
the presence of pyloric obstruction, the 
terminal portion of each peristaltic wave 
persists as a hump on the lesser curvature 
i En Sm — to zi ps loric 


nee Land nee failure i in its ก to 
empty the gastric contents.’ 

A detailed description of the sign is 
merited because it is a frequent roentgeno- 
graphic finding, has value as an aid in the 
diagnosis of hv per trophic pyloric stenosis, 
and often is the first indication of pyloric 

obstruction in babies 


INCIDENCE 


Of 7o patients with hypertrophic pyloric 
di of b roentgenograms were 
to some 0 in = or 8g per cent. More 
significantly, it was present in 30 or 94 per 
cent of 32 patients examined since 1958 in 

which a specific search for the sign was 
made. In addition, 2 patients with pvloro- 
spasm exhib:ted the sign before the spasm 
released. It was not observed with other 
tvpes of obstruction such as duplication 
cyst, ectopic pancreas, or duodenal obstruc- 
tion. 


PATHOGENESIS 


Surgical exploration has revealed the 
stomach wall in the area of the ise tit 
to be normal. All of the patients operated 
upon had pyloric stenosis. The gastric wall 
above the tumor was soft and pliable with 
no projections to explain the tit. This would 


SHOPI? 


OKLAHOMA CITY, 








TER, M.D. 


OKLAHOMA 


indicate that the projection is a pathophvsi- 
ologic phenomenon. 

Roentgenologic study appears to confirm 
the pathophysiologic explanation. In the 
normal stomach a haustral pouch is pro- 
duced by a peristaltic wave (Fig. 2). The 
pouch gradually decreases in width and 
depth as the wave descends along the stom- 
ach wall and completelv disappears as it 
arrives at the pylorus (Fig. 3. 4 and B). 

The pyloric tit is believed to be persis- 
tence and accentuation of this normal peri- 
staltic pouch in the presence of pyloric ob- 
struction. The pyloric narrowing prevents 
the peristaltic wave from passing down- 

ward, and the pouch is converted into a py- 
loric tit bv the persistent peristaltic activity 
attempting to push past the obstruction 
(Fig. 4; and 5, 4-D). The pouch destined to 
become a tit is usually deeper than a nor- 
mal one because of the increased peristaltic 
intensity. As the wave nears the obstruc- 
tion, the pouch narrows in width and be- 


1. Arrow indicates projection from lesser curva- 


Fic. 
ture of gastric antrum which is called the pyloric 
tb 


* Presented at the Sixth Annual Meeting of the Society for Pediatric Radiology, October 7, 1963, Montreal, Quebec, Canada. 
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both of these procedures are recommended 
for adults. In children with mild svmpto- 
matologv , as in the 2 reported youngsters, 
conservative measures are totally adequate. 
Even in those children with more severe 
complaints, nonsurgical treatment, as ad- 
vocated by Jackson and Hodson,’ should 
probably prevail. 


SUMMARY 


Two cases of hepatodiaphragmatic ine 
terposition in children with gastrointestinal 
disturbances are reported. ‘Speculation as 
to cause, associated symptoms, signif- 
cance and treatment are reviewed. 

Differentiation is made between tem- 
porary and permanent interposition, cor- 
relating the findings as noted in adults and 
children. 

Intestinal interposition may be found in 
asymptomatic individuals, but more com- 
monly in persons with gastrointestinal 
complai nts. Few cases have been reported 
in children, whereas in adults this finding 
is noted with i increasing frequency through 
the seventh decade. 

In symptomatic children with hepato- 
diaphragmatic interposition, bed rest is the 
most effective means in alleviating acute 
abdominal complaints. 

Department of Radiology 
University Hospitals 
State University of lowa 
lowa City, lowa 
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but tending to disappear with supine 
positioning. Two of their 4 cases had 
permanent type interposition with supine 
positioning reducing the pain and disten- 
tion. 

The commonest symptom was abdom- 
inal pain with vomiting. Typically, pain 
occurred towards the end of the day when 
abdominal distention was maximal, being 
less frequent and less severe when the 
youngster was in bed. Other symptoms, 
less frequent, were anorexia, constipation 
and frequent passage of flatus. 

Interestingly, in the 2 cases here re- 
ported, the common svmptom was diar- 
rhea. When the “gastroenteritis” disap- 
peared the interposition was not evident. 
Aerophagia was not a recognized or obvi- 
ous factor in these cases. A review of the 
cases in adults and the few reported in 
children led toward the following impres- 
sions: (1) intestinal interposition 1s more 
frequently seen in patients with gastro- 
intestinal complaints, and (2) predisposing 
factors are a mobile right colon and readily 
displaced. liver. Superimposed on these 
basic factors are (3) the effect of gravity 
per mitting the liver to descend and intes- 
tine to ascend, and (4) the varving degrees 
of intestinal distention. 

A further point of interest is that in our 
2 cases frank abdominal pain was not a 
feature, whereas in Jackson and Hodson's 
study® 3 children had severe abdominal 
pain to the point where laparotomy was 
considered, but avoided because of the 
clearing of symptoms with bed rest when 
the supine position was assumed. They 
note that children with aerophagia and ab- 
dominal distention rarely 
severe pain, and it may well be that only 
with intestinal interposition with some 
compromise of mobility (Ze, torsion or 
incarceration) does frank pain present as a 
significant finding. 

In our cases, the interposition was tran- 
sient. The fact that there was abdominal 
cramping in Case t and a more prominent 
degree of interposition than in Case 11 sug- 
gests that the degree of distention and 


Frank M. Behlke 


complain of 


Marcu, 1964 
interposition might be contributing factors 
in the production of more pronounced 
symptoms. 

In adults, Schenck" notes that patients 
who present with symptoms show an 
anomaly in the length of the transverse 
colon which is the reason the hepatic 
flexure is able to reach such a high position. 
Another factor he believes to be instru- 
mental is colonic distention with rotation 
on its mesentery. 


TREATMENT 


In children, effective treatment is difh- 
cult to assess because of the lack of re- 
ported cases. This may be because of the 
rarity of interposition in children, the lack 
of sufficiently severe symptoms to require 
medical care, the failure to obtain roent- 
genologic studies to reveal its presence, or, 
as in adults, since it is occasionally seen in 
asymptomatic individuals, it probably is 
relegated to the realm of inconsequential 
or nondescript medical oddities. 

Jackson and Hodson* emphasized that in 
symptomatic children, bed rest is the basic 
treatment. When aerophagia is recognized 
as being elemental in producing symptoms 
of abdominal distention with interposition 
and pain, the parents should be so in- 
formed and an attempt should be made to 
have the child refrain from this mecha- 
nism. Admittedly, such correction of aero- 
phagia in a youngster might be of no avail, 
but an acknowledgment that this may be a 
causative factor in producing symptoms is 
to be noted. Carminatives and an ab- 
dominal belt are thought to be of little 
help. If diarrhea is a prominent feature, 
attempts to isolate an organism would 
seem indicated. Fluid and electrolyte 1m- 
balance was not a feature in any reported 
case in children, but conceivably this might 
occur and appropriate replacement therapy 
would then be required. Operative fixation 
of the colon is advocated by Rogers!’ in the 
symptomatic permanent type and Schenck” 
suggests that some form of hepatopexy in 
cases of “permanent incarceration” pro- 
ducing severe symptoms be accomplished; 
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with slight gaseous distention which 3 days 
later was not demonstrated on the postero- 
anterior roentgenogram (Fig. 2C) when the 
child was asvmptomatic. The clinical course in 
the hospital was uneventful, the infant. being 
afebrile and “no Or in abnormal quantity or 
consistency" were noted during the hospital 
tay. Discharge diagnosis was nonspecific gas- 
troenteritis, with temporary hepatodiaphrag- 
matic interposition of intestine. 


DISCUSSION 


Two types of intestinal. interposition 
occur: transient (sliding) and persistent 
(probably due to adhesions) with the right 


colon the more common interposer, al- 
though small intestine and omentum mav 


also be present. The causes of interposition 
as outlined by Chousset and Chousset- 
Clause, in Bockus’ “Gastroenterology” 


(1) Intestinal factors: (a) 0 Or 
abnormal accumulation of gas in the in- 
testinal tract, causing em displacement 
of the diaphragm; and (b) abnormal mobil- 
itv of the colon of congenital origin. 


(2) Diaphragmatic factors: (a) abnor- 


Fic. 1. Case 
the erect posteroanterior (,7) and 
when the patient was symptomatic. 


eft lateral (B) 


Sehlke Marcu, 1954 
mally high diaphragm due to thinning of 
musculature or to musculature degenera- 
tion; (b) phrenic nerve injury or disease 
with paralysis of the diaphragm; and (c) 
changes in intrathoracic pressure, as in 
tuberculosis, empyema, etc. 

(3) Hepatic factors: (a) ptosis of the 
liver; (b) small liver; (c) relaxation of the 
suspensory ligament; and (d) fixation of 
the liver due to adhesions associated with 
traction produced by the gastrohepatic 
ligament or perigastritis. 

Although Kolju, Linsman and Chalek’ 
and Schenck!! note that interposition may 
occur in adults without symptoms, a sur- 
vev of reported cases lists a host of com- 
plaints which may be present in patients 
with this abnormalitv; namelv, abdominal 
pain, abdominal distention, nausea, vomit- 
ing, flatulence, shortness of breath, pains in 
the substernal region and constipation. 
Kolju concludes ; that interposition occurs us- 
ually in people with gastrointestinal dis- 
orders. The incidence in children is un- 
known, but the occurrence apparently in- 
creases with age. It has been noted in o.2 





Note colonic hepatod'aphragmatic interposition with some intestinal gaseous distention in 


chest roentgenograms obtained on hospital admission 
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HEPATODIAPHRAGMATIC INTERPOSITION 
IN CHILDREN 
By FRANK M. BEHLKE, M.D.* 


IOWA CITY, IOWA 


EPATODIAPHRAGMATIC inter- 
position of intestine has been reported 
frequently in adults, 5/7 being first de- 
scribed by Cantini in 1865, according to 
Rogers.'? The roentgenologic appearance 
was noted by Béclére in 18gg,' but not until 


1910, when 0 surveved the field 
and added 3 cases of temporary interposi- 
tion, wis i MS pi P more widely 


recognized, su bo tly becoming known 
as Chilaiditi’s syndrome. Uspenskv in 
1928 recorded 8 cases of permanent inter- 
position and 14 cases of temporary inter- 
position, and since then multiple theories 
have been advanced in attempting to ex- 
plain this abnormality. 

In general, it is thought that this finding 
in adults, in itself, is of no clinical signifi- 
cance, but should be differentiated from 
free air beneath the diaphragm due to a 
perforated intra-abdominal hollow viscus or 
the presence of a subdiaphragmatic ab- 
scess. Rarelv, intestinal interposition may 
present as an internal hernia of the small 
bowel through an aperture in the falciform 
ligament? or be associated with a volvulus 
of the sigmoid.’ 

Interposition of colon between the liver 
and right hemidiaphragm has been noted in 
children, occurring in megacolon? or in con- 
junction with aerophagia and abdominal 
distention.’ 

Recently 2 cases of children with intes- 
tinal complaints were observed, 
whom demonstrated intestinal interposi- 
tion on routine erect chest roentgenograms. 
Because of the paucitv of information re- 
garding this finding in children, these 2 
cases are reported, together with a review 
of the medical implications and aspects. 


REPORT OF CASES 
CasSsET A 3 


vear old bov was admitted to the 


both of 


Tucson Medical Center for mild diarrhea asso- 
ciated with intermittent abdominal cramping 
for the previous 9 to r2 months, with a recent 
onset of these symptoms. The mother related 
that there was no obvi ious blood or mucus in the 
stools. The child did not have nausea, vomiting 
or constipation. Physical examination was non- 
contributory. The laboratory findings were as 
follows: protein bound iodine 4.2. 49. Der cents 
feces negative for occult blood on 3 separate 
examinations; stool negative for ova and para- 
sites on 3 examinations; glucose (fasting) £7 mg. 
per cent. Complete blood count and urinalysis 

were negative. Admission posteroanterior and 
left lateral chest roentgenograms demonstrated 
py interposition with distention (Fig. 1, 
A and B). On the third hospital day the pa. 
tient's symptoms subsided and under image in- 
tensification it was noted that the colon and 
liver were in normal positions, both in supine and 
erect posture. He was subsequently discharged 
asymptomatic. The referring physician noted 
that the patient was living in a household of 


considerable tension and unrest. We were not 
impressed that he was an "air swallower,” al. 


though this possibility was considered. Final 
diagnoses were diarrhea of unknown origin, 
possible gastroenteritis of psychogenic origin, 
and Chilaiditi’s syndrome. A 4 month follow-up 
showed that the patient has continued to be 
asymptomatic. 


Case 11. A 1$ month old boy was admitted to 
the Tucson Medical Center because of diarrhea 
and “low-grade fever” of 4 days’ duration. No 
temperature was actually obtained at home, 
but the mother stated that the parient felt 
warm and had frequent stools of no unusual 


color, smell or consistency. Physical findings 
were negative. Laboratory findings were as 


follows: stool, negative for ova and parasites 3 
times; stool culture, negative for enteric patho- 
gens 3 times; PPD and coceidioidomycasis skin 
tests negative; complete blood cell count and 
urinalysis negative. Admission posteroanterior 
y» right lateral chest roentgenograms (Fig. 2, 

1 and B) demonstrated intestinal interposition 
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Tagg I 


Side 


R 


:———————————— M! 


i 
ล ค อ อ อ น ล ค อื อ 


i Normal 


Roentgen 
Roentgen Findings at First Examination Findings at 
Follow-Up 


Changes in the lower portion of right calyceal sys- | Normal 
tem, probably representing contusion in this area | 


with decreased function 






Evidence of contusion of left kidney with bleeding. | Normal 
No definite evidence of kidney laceration | 


| Normal 


Defects in the right renal pelvis representing blood | Normal 
clots. Also straightening of upper portion of right | 
ureter, probably due to surrounding hemorrhage and | 


reaction to the injury | 

i 
Ruhe renal contusion with poor delineation of the | Normal 
excretory system and probably filling defect in the | 
nent 0 vis อ อ blood clots | 
Sé case bal ow | See case below 
Normal | Normal 
Probably normal right calyceal system. Nenu sual | Nenad! 
ization of left calyceal system thought to be agenesis | 


of kidney 


ios 1 3 3 1 + 3 11 E E ide neil bh Memes on niece ste ema er seme ores ertn se eine enema Mane tnenamna aie} someae sein ste cones esses caine acs atar sates caree eee 


Poor visualization of right calyceal system but was 
considered to be within normal limits. Could be re- 
sult of poor preparation or trauma 


5p———————— M—————————————————————P————————————— 


Contusion of left dns with visualization of only 
the lower calyceal group and ureter | 


Findings were compatible with contusion of the right | Koraal 
kidney l 





Intravenous pyelogram thought to he within normai | Normal 


limits 

Findings compatible with hematoma of parenchyma ) Normal 
of left kidney without evidence of rupture of calyceal | 

system itself | 


Median | || 12:1 | dass d. 2:6 | 
| ! 


* Year: month. 


opening the peritoneum, a considerable amount 
of bloody fluid was encountered. A large hema- 
toma was noted in the retroperitoneal region 
surrounding the right kidnev. The hematoma 
had dissected down to the right gutter retro- 
peritoneally. A long laceration, about 2 inches 

in length, was noted on the anterior aspect of 
the kidney extending from the region of the 
hilus to the lower pole of the kidney. An addi- 
tional laceration, 1 inch in length, was observed 
in the posterior aspect of the inferior pole of the 

kidney (Fig. 1). It was thought that the lacera- 
tions did not involve the renal pelvis. Oxvcel 


sponges were placed in the laceration and large 
stay sutures were placed through the kidney 
substance and tied. 

Roentgenographic examination prior to sur- 
gerv had demonstrated a lack of definition. of 
the right d In addition, there was a frac- 
ture of the right ulna and fracture of the 
seventh to the eleventh right ribs. Postopera- 
tively, there was a brief episode of paralytic 
ileus but the urine was free of albumin and red 
blood cells within 9 days. Two weeks after the 
injury, an excretory urogram demonstrated 
distortion of the right calyceal system which 
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Fic. 1. Case 6. Male, aged b years 9 months. Du- 
gram of extent of injury and nature of repair. 
Copied from surgeon's note in hospital chart. 


was thought to be a consequence of a contusion, 
laceration and repair (Fig. 2). À repeat intra- 
venous pyelogram on August 25, 1950 (15 
months after injury) det nonstrated additional 
change m the right renal pelvis and calyce: | 
system with narrowing of the upper major in- 
fundibulum. Slight blunting of the lower € abo 
ceal system was noted together with some m- 
creasing fullness of the pelvis. A retrograde 
pyelogram was done May 12, 1951 (2 years 
after the in jn rv) and demonstrated marked 
narrowing of the upper minor in fundibulum 
with of the minor calices. (Fig. 3). 
d no significant changes had occurred 

ince the previous intravenous pyelogram. The 
most recent follow- -Up ex: imination was i done on 





_Exeretory urogram 2 weeks after in- 


lt; X Case f 
jury and reps ur. The infundibulum to the superior 
group of calyces on the 1 
middle 
pressed — 


edema? hematoma? 


- Robert Graham and Frederic N. Silverman 


March 2 


wht is narrowed; the 
and inferior groups of calyces are com- 


MARCH, 1964 





Vic. 3. Case 6. Retrograde pyelogram 2 years after 
injury . The superior calyceal system on the right 
iS seereed and shrunk when compared to con- 


figuration in Figure 2. 


1963 (13 years 10 months after injury) 
at un time Sioned was noted im the 
lower portion of the right kidney at the site 
where the laceration had been d and 
packed with oxycel sponges (Fig. 4). The calv- 
ceal system V no n in com- 
parison with the previous examinations. Lhe 
outline Gt che E dne: had been indented near 
the site of the caleificati Ons sl ince the examina- 
tion 15 months after the injury. 


Case 10. J.T., a Negro male, aged 11 years 7 
months, was admitted on October 27, 1959 
after being struck on the right side bv an auto- 





Fic. 4. Case 6. Exeretory urogram almost 14 yea 


after injury. The distortion has not changed, b ut 
calcification has appeared in lower halt of “kidney, 
presumably in repair, Patient clinically 
healthy. 


area ot 
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mobile. He was admitted to another hospital 
and when hematuria was noted he was trans- 
ferred to Children’s Hospital. On physical 
examination, his pulse was 96 per minute, 
respirations 24 per minute and his blood pres- 
sure 110/70. There was some tenderness in the 
right upper quadrant of the abdomen. The 
hemoglobin was 11.5 gm., the white blood cells 
numbered 11,700 per cubic milliliter ; dnd 2 50 3 
red blood cells per high power field were noted 
in the urine, An intravenous pyelogram on 
admission demonstrated fractures of the right 
tenth and twelfth ribs. 
rupture or contusion of the upper pole of the 
right kidney with some extravasation of con- 
trast material into the renal parenchyma, but 
not into the perirenal tissue (Fig. 5). On 
November $, 1959, intravenous pyelography 
was considered normal (Fig. 6). The follow- up 


examination was done on May 5, 1961 (1 year 
> months after injury) and showed minor 


changes in the right upper pole with some 
shortening of the superior major infundibulum 
in compar! son with the previous examination 
(Fig. 7). The renal outline, however, was not 
appreciably altered. 


DISCUSSION 


In our Case 6, injury to the right kidney 
was quite severe as demonstrated at the 
time of operation. The lacerations were 





o. Male, aged 11 vears 7 months. Ex. 


Lio $ Case 1 
cretory urogram for hematuria on day of injury. 
Extravasation of contrast material from superior 
calyx on right, Note rib fracture in area of ex- 
travasation. 


There was evidence of 
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liG. ^. Case 10. Excretory urogram 9 days after 
injury. No extravasation or residual deformity. 
Superior calyx on right is elongated. 


limited to the lower half of the kidney, both 
on the anterior and posterior aspects. Al- 
though it was not demonstrated at the time 
of operation, it was very likely that some 
injury to the upper portion of the right 
kidney or its blood vessels had taken place 
at the same time. Surgical i intervention was 
restricted to the lower pole of the kidney. 
Nevertheless, at the examination 13 vears 
after injury, changes were present in the 
entire kidnev and calvceal svstem, includ- 
ing calcification in the lower portion. The 
calcification was probably occasioned bv 





» Excretory urogram 1} years after 


Case 1 
injury. 0 0 calyx on right is now apparently 
shortened when compared to Figure 6, but other- 
wise normal. 


HG: S. 
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the presence of the oxycel gauze and was 
the consequence of foreign body reaction 
rather than injury.? 

In our Case 10, the injury was moder- 
ately severe as indicated by some extra- 
vasation of the contrast material into the 
renal parenchyma and the rib fractures. 
However, the sequels were mild roentgeno- 
logically as shown in the examination 19 
months after the injury. In fact, hematoma 
around the upper pole of the kidney could 
have tilted it forward so that the full 
length of the superior infundibulum was 
projected onto the original roentgenogram. 
With resumption of its normal position 
after healing, the shortening observed could 
represent foreshortening by projection. The 
renal outline was insufficiently clear for 
identification of marginal changes. 

The frequency of sequels in our series is 
not as high as that reported by DuChamp 
and his associates.’ It is possible that this 
results from the failure to separate cases 
with mild injury from those with severe 
injury. Obviously, the extent of injury 
would play an important role in the end 
result, and in this regard, both of our 
cases with pathologic changes in the follow- 
up examination had moderate to severe 
injury to the kidneys. However, it 1s ex- 
tremely difficult to equate severity of injury 
in individual patients. The localization of 
injury with respect to major vascular 
structures may play an important role in 
the subsequent development of renal atro- 
phy, deformity and renal hypertension. 

One might anticipate a higher frequency 
of renal change in renal injury occurring in 
children than in adults, because the kidney 
has not yet achieved its full growth. It has 
been suggested that "atrophy" is ex- 
pressed more strongly in kidneys which are 
still growing than in those which have 
achieved their full size. The younger the 
patient at the time of injury, the longer 
the follow-up, the more chance there 
should be of demonstrating abnormal- 
ities. However, it is difficult to determine 
the proper length of follow-up. In view of 
the finding of definite changes in seriously 
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injured kidneys within a few months of the 
Injury, one may possibly assume that the 
absence of significant changes 1 to 2 years 
after the injury would carry a good prog- 
nosis. The subsequent development of 
renal hypertension may depend on features 
which cannot be demonstrated by changes 
in renal size or shape. This complication 
has not occurred sufficiently often to be 
noted in the literature; therefore, its 
delayed appearance is still largely hypo- 
thetical. The possibility that some adults 
with renal hypertension had renal injury 
as children 1s a consideration for evaluation 
notwithstanding the great interest in pri- 
mary vascular causes for the hypertension. 
Childhood injury is easily forgotten, espe- 
cially when there are no immediate clinical 
sequels. Prospective study of individuals 
who suffered renal injuries as children 
should help elucidate this question; retro- 
spective questioning of hypertensive adults 
may also be useful but is probably less 
reliable. 


CONCLUSION 


We believe that our study confirms the 
fact that renal atrophy and distortion of 
the renal pelves can occur in children fol- 
lowing renal injury, but the frequency does 
not appear to be as great as suggested by 
previous authors. The relationship of post- 
traumatic renal atrophy to the nature and 
severity of the injury is not clearly defined. 
Further long term studies will be necessary 
to determine the relationship, if any, to 
renal hypertension occurring in adult life. 
Meanwhile, a follow-up excretory urogram 
within I to 2 years after renal injury is 
warranted in order to identify any delayed 
anatomic sequels to the injury. 


SUMMARY 


Two of 14 children with clinical or roent- 
genographic evidence of renal injury 
demonstrated delayed deformity of calyceal 
systems, presumably due to atrophy of 
damaged renal tissue. No clinical mani- 
festations have been associated with these 
changes. No significant relationship of 
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similar changes following renal injury to the 
subsequent development of renal hyperten- 
sion was discovered in the available litera- 
ture, but continued observation of affected 
individuals is recommended. 


Frederic N. Silverman, M.D. 
Division of Roentgenology 
The Children’s Hospital 
Cincinnati 29, Ohio 


REFERENCES 


1, CAMPBELL, M. F. Clinical Pediatric Urology. 
W. B. Saunders Company, Philadelphia, 1951. 


tà 


effects of various tvpes of trauma to kidney. 


3 DuCuawp, J., Baroy, P., Tovirov, C., and 
Vaaquier, P. Considérations sur l'évolution 
des signes radiologiques dans les contusions 


ga, 


rénales chez l'enfant. ‘7. de radiol., d'électrol. et 


de méd, nucléaire, 1960, 41, 92-96. 
4. LAGARDE, C., Perrucnio, P., and RaAvELEAV, R. 
Atrophie rénale post-traumatique: documents 


. Corsroļs, J. A. C, and Baker, W. W. Late 


6. 


iQ, 


— 
pa 


radiologiques. Y. de radiol., d'électrol. et de 
méd. nucléaire, 1958, 39, 797-798. 

Matzner, R. Ein Beitrag zum Problem des 
renalen Hochdrucks. Monatsschr. Kinderh., 
1953, 707, 479-492. 

Ourssox, ©. In: Diagnostic Radiology. Volume 
V. Part I. Encyclopedia of Urology. Springer- 


Pace, L H. Production of persistent arterial 
hypertension by cellophane — perinephritis. 
FAMA., 1939, 123, 2046-2048. 


. Sanik, J. O., and Asgsuovse, B. S. Calcifica- 


tion, ossification and cartilage formation in 
kidney, Am. J. RokNTGENOL., Rap. THERAPY 
& NucLEaR MED., 1962, 88, 125-143. 


. Soren, E. P. So-called essential hypertension in 


childhood. 4m. T. Dis. Child., 1941, 67, 280- 
299. 

STEINBOCK, A. Intravenous urography and 
retrograde pyelography in subcutaneous in- 
juries of kidney. dun. Chir. et Gynaec. Fen- 
niae, 1958, 27, Suppl. 4. 

WirLtaMs, D. I. Urology in Childhood. Volume 
XV. Encyclopedia of Urology. Springer- 
Verlag, Berlin, 1958, p. 213. 

Woop, A. H. Diagnosis and treatment of trauma 
to kidney. 7. Urol., 1937, 37, 437-468. 





STRIATED URETERS A! 


Marcu, 1964 





(1) REN 





PRELIMINARY REPORT 


By JOHN L. GWINN, M.D., and GEORGE R. BARNES, Jr, MLD. 


LOS ANGELES, CALIFORNIA 


RINARY tract infections are among 
the most common illnesses of infants 

and children. Roentgenographic studies are 
essential in identifving areas of involve- 
ment whether thev be obstructive. or 
wholly on the basis of inflammatory change. 
The purpose of this paper is to call atten- 
tion to the urographic demonstration of 
striations of the ureters and renal pelves 
which, to our knowledge, have not been 
described before. The significance of these 
changes has not as yet been determined 
but we found them to be associated with 
inflammatory processes of the urinary tract. 


ILLUSTRATIVE CASE 


A 64 year old girl was referred to the Los 
Angeles Children’s Hospital with a history of 
recurrent urinary tract infections associated 
with chills and fever. She also had always been 
enuretic, No other complaints were elicited 
from the history. No abnormal findings were 
detected on physical examination. Analysis of 
the urine revealed no abnormalities other than 
1-3 leukocytes per high power field. A culture 
of the urine was positive for E. cor. 

On the intravenous urogram, linear stria- 


tions were seen in the renal pelvis and uteter on 
the right; the left side was normal (Fig. t, 2, and 
3). Retrograde studies confirmed the findings in 
the left renal pelvis and ureter (Fig. 4) and also 
demonstrated similar changes in the shghtly 
dilated right ureter. The cystogram revealed 
reflux on the right side but not on the left. The 
cystoscopist reported the bladder neck to be 
normal and no abnormality was observed on 
voiding cystourethrograms. Subsequent uro- 
grams, 6 months later, showed persistence of 
these findings on the right side; the left side 
remained normal. 


DISCUSSION 


According to Campbell! infection may 
reach the ureter by the descending route 
from hematogenous renal infection from 
above, by the ascending route from direct 
urogenous reflux from the bladder, or by 
the ureteral and periureteral lymphatics. 
In mild ureteral infection, the inflammation 
is limited to the mucosa and submucosa, 
while severe infection involves deeper 
lavers which heal by sclerosis. He also be- 
lieves that many instances of hydrone- 
phrosis have been caused by inflammatory 





Fic. 1. Line drawing of right renal collecting structures and roentgenogram. The roentgenogram shows the 
linear, parallel striations on the right. The left side is normal. 


* Fom the Departments of Radiology of The € hildren's Hospital, Los Angeles, and the © niversity of Southern California School of 
Medicine. 
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lic. 2. Line drawing of right renal collecting structures and ureter anc excretory urogram showing striations 
in the collecting structures and ureter on the right side. 


ureteropelvic obstruction and these have 
been erroneously considered to be con- 
genital. 

Willams? states that it is generally con- 
ceded that urinary infection and ureteral 
inflammation may cause slight. ureteral 
dilatation. He also states that urinary 
infection predisposes to ureteral reflux, 

The striations, which are the subject of 
this report, are demonstrated both on 
excretory urograms and retrograde studies. 
They may be seen only in the renal pelvis 
hand, they may be limited to the ureter 
(Fig. 4). Often all of these areas are in- 
volved. They consist of alternating, par- 
allel, radiolucent and radiodense lines run- 
ning in the long axis of the involved struc- 
ture. On occasion, the striations are readily 
apparent on all of the studies, but, at 
times, they are quite subtle and have to be 
looked for carefully. The changes resemble 
rugae and might be likened to the normal 
mucosal pattern of the esophagus as seen 
when oral contrast medium is admin- 
istered. Although it is conceded that this 
finding may indicate only an incompletely 
distended ureter which, at this particular 
point of enlargement, would show this 
pattern, it is more likely that it represents 
an exaggeration of the normal mucosal 


pattern of the ureter due to an inflam- 
matory process. It does difer, however, 
trom the rippling etfect as noted by Gar- 
rett Rhamy and Carr.’ 

During the past 4 vears, we have noted 
the striations as described. Within the past 
g months, 1g patients had been seen who 
had striations demonstrated in the renal 
pelvis or ureter, or both, on urographic 
study. The illustrative case was chosen be- 
cause of the minimal clinical and labora- 
tory findings of urinary tract infection. All 
of the patients were sent to the Radiology 
Department for study because of svmp- 
toms and/or laboratory findings of fever, 
pyuria, frequency, urgency or dysuria. In 
our group with striations, there is a pre- 





Fic. 3. Excretory urogram showing striations in the 
renal collecting structures. 
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hic. 4. Line drawing of a portion of the left ureter and retrograde pyelogram. 


ponderance of girls to boys in a ratio of 3:1. 
Also, for some as vet unexplained reason, 
this phenomenon is observed more fre- 
quentlv on the left side than the right. It 
is of interest to note that in about 65 per 
cent of our cases, there has been ureteral 
reflux demonstrated on the cystourethro- 
gram and usuallv on the striated side. 

We have restudied a limited number of 
these patients who have been adequately 
treated for infection and have not been 
able to identity any striations on the re- 
peated studies. No reflux was demonstrated 
by repeat cvstourethrography. 

Deluca, Fisher and Swenson” reported 
on a review of 1,279 patients with urinary 
tract infections. Ot this group, 1,579 had no 
underlying mechanical obstruction. They 
also pointed out the difficulty, at times, of 
establishment of the diagnosis and the 
appreciable delay in treating the infection. 
If the striated pattern is truly due to in- 
fection, then this would be an additional 
aid in making the diagnosis. 


SUMMARY 


1. A heretofore undescribed finding on 


urographic studies of infants and children 
is described. 

2. This consists of alternating, linear, 
radiolucent and radiodense lines in the 
renal pelvis or ureter as observed on excre- 
torv urograms or retrograde pyelograms. 

3. Ht is postulated that these changes are 
due to an inflammatory process while con- 
ceding that further study is necessary to 
determine their exact significance. 


John L. Gwinn, M.D. 
Children's Hosp:tal 

4614 Sunset Boulevard 
Los Angeles 27, California 
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"perichondrial" and “endochondral mem- 
brane bone.” By such characterizations, the 
notion of "varieties of ossification” became 
established. As will be seen, all unify in a 
simple physiologic explanation. 

2. Primary endochondral bone forma- 
tion. 

Some calcifying cartilaginous matrix 
persists as in marble bone disease (Fig. 6). 
This has been recorded as "intrachondral" 
bone. In adult sphenoid bones small areas 
of calcified cartilaginous matrix are often 
discoverable, especially in Caucasians. 
While persistence from fetal life is bio- 


logically improbable, it is evidence ot 
pluripotency in adjacent cells and an activ- 
ity long suspected to be a source of oto- 
sclerosis. 

4. Appositional lamellar “periosteal 
membrane bone" greatly thickens the 


sphenoid (G—-a wedge), not onlv on cranial 
surfaces as supposed. The interrupted 
microscopic maze of this laver at the fetal 
dural surface contrasts with the contin- 
uous “endosteal” bony labyrinth (Fig. 5). 

Petrous bone is often considered unique 
with such distinctive histologic. compo- 
nents. Several incongruous suppositions in 
pathogenesis have grown upon this founda- 
tion; for example: 

Supposition A. “That membrane bone 
formation differs basically from endochon- 
dral bone, and has inferior powers of regen- 
eration.” This is often taught but does not 
stand up clinically. For instance, fractures 
of calvarium do heal by bone in children 
and usually by fibrous union in adults. Let 
us look at other membrane bones. The man- 
dible is one, for Meckel’s cartilage atro- 
phies, and its fractures heal by ossification 
at all ages if immobilized. Fractures of facial 
bones heal similarly. Fractures of the 
sphenoid also heal by osteogenic response, 
unless the bony labyrinth is fractured, when 
fibrous union appears. This has been inter- 
preted to mean that the "middle layer" 
or “central endochondral bone"? has a very 
poor osteogenic response even in compari- 
son with periosteal bone. It is invoked to 
explain why some operative labyrinthine 


The Constitution of the Petrosa 





6. Photomicrograph of a trabecula of the so- 


lic. 
called “middle laver" of the petrosa. New non- 
lamellar woven bone encases and is itself encased 
bv persisting hyaline cartilage. 


fenestrae tend to remain open. These sup- 
posed lavers are so scrambled microscopi- 
cally that such views are untenable. 

Ham and Leeson* showed that osteo- 
blastic cells of the membranous inner peri- 
osteum still retain the ability to differen- 
tiate into chondroblasts. They produce 
cartilage if capillaries are unable to keep 
up with their rapid reactive growth after 
fracture. In other words ' 'membranous" or 

"endochondral bone formation" depended 
on provision of capillaries. For example, 
cartilage production in mid-shaft fractures 
of long bone is a commonplace component 
of "membrane bone" periosteal callus. 

The cause of fibrous union in adult 
calvarial fractures remains unknown. The 
effect of cerebral pulsations has not been 
investigated as far as we are aware. Cer- 
tainly cartilage does not appear in cal- 
varlal fractures. For cranial bonv regenera- 
tion to occur in experimental animals, it is 
known that the presence of dura mater is 
essential.” In clinical observation cerebro- 
spinal fluid, synovial fluid, or perilymph 
leaks seem to inhibit osteogenesis. 

Supposition B. “That the continuous 
shell of the bony labyrinth differs from peri- 
osteal bone, which is histologically porous" 
(Fig. 5). Ham and Leeson? tound that the 
majority of the osteocytes in bone are never 
more than a tenth of a millimeter from the 
nearest capillary. Presumably this is the 
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functional limit of osmotic nutrition of 


bone which occurs through interlacunar 
canaliculi. This determines the maximum 
thickness of bone trabeculae everywhere, 
and the same capillary spacing Is seen in 
compacta, which is but an example of com- 
pletely contiguous trabeculation. 

The intact rampart of “endosteal bone,” 
which encloses canals and the cochlea, 
therefore, reflects only its uniform nutrition 
as a trabecula presumably from the en- 
closed circulating perilymph. Pertosteal 
bone trabeculae are physiologically iden- 
tical in thickness, but model their network 
of capillary gr ids. 

Supposition C. “That the petrous bone 
Is unique in retaining nonlamellar embry- 
onic woven bone." Pritchard has shown a 
similar minor admixture near cranial su- 
tures, ligamentous attachments, and tooth 
sockets. Elsewhere, primary web-like woven 
bone is replaced, through remodelling dur- 
ing growth, by trabeculae now oriented 
along lines resisting mechanical stress. The 
petrous bone is unique only in reflecting 
that some of its primary mesh and apposi- 
tional thickening are not modelled under 
the influence of gravity, growth, or muscle 
pull. Thus, no inner cancellous core of 
resorption develops. The interlocked rock- 
like mesh without linear orientation is in a 
random plv. The lack of haversian trabecu- 
lar orientation is reflected in the unruly 
directions which fractures follow through 
the petrous bone. 

The petrous bone is the only passenger 
bone in the body and adapted to other 
function. Such structure ts admirably suited 
to sound conduction from nasal resonators 
through the zvgoma and mandibular con- 
dyles by which we all constantly monitor 
and modulate our own projected voice in- 
tensities. 

This nongravitational bone pattern 1s 
seen, for example, throughout the skeletal 
system of whales and seals. Their bones 
have no marrow ca vities, with much can- 
cellous woven b and thin compacta. 
Such features remain as a functioning fac- 
tor in the petrosal bones ot the human race. 
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SUMMARY 


In the fetus, the inner ear, tympanum 
and ossicles are the sole structures which 
reach adult size by mid-term. They are 
visible in roentgenographic relief especially 

clearly at § months, unobscured by petrous 
ossification. This bony labyrinthine shell of 
adult shape and size is most useful for de- 
veloping familiarity and orientation needed 
for interpretation of petrosal disease. 

In a survey of 20 pairs of labyrinths, 
remarkable similarity in size was noted. It 
is suggested that the cochlear end organ 
receptors have a mathematically pre- 
determined size based on the frequencies 
they are to reproduce. Their development 
is thus not linked to the rate of body growth 
in general. 

Various distinctive patterns of petrosal 
osteogenesis, long considered separate and 
unique, are shown to be very similar 
physiologically. Incongruous observations 
on osteogenesis in repair, inexplicable on 
former suppositions, are reviewed and 
linked with other factors. The petrosa ap- 
pears to be a passenger bone: unmodified 
by gravity or muscle pull and admirably 
suited to sound conduction from nasal 
resonators by which we constantly monitor 
and modulate our own voice pr oduction. 

G. B. Elliott, M.B. 

Department of Clinical Laboratories 
Calgary General Hospital 

Centre Avenue at 3th Street N.E. 
Calgary, Alberta, Canada 
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RE : CURRENT unexplained attacks of 
meningitis during childhood demand 
exhaustive search for a possible congenital 
communication of the subarachnoid space 
with the surface of the body. It is of utmost 
importance that such a communication be 
recognized and corrected to avoid the pos- 
sibility of critical infection which may lead 
to fatality or irreversible central nervous 
system damage. The most common such 
anomaly is the persistent dermal sinus 
tract, whose external opening can ordin- 
arily be recognized in or near the midline, 
particularly in the occipital or lumbosacral 
areas.’ 

Other anomalous communications may 
be indicated by the discovery of rhinorrhea 
or otorrhea. In the absence of skull fracture, 
recent surgical operation, or bone erosion 
by tumor, infection, arteriovenous mal- 
formation or hydrocephalus, these cerebro- 
spinal fluid leaks point to localization of an 
abnormal communication from the sub- 
arachnoid space into the nasal cavity, 
paranasal air sinuses, nasopharynx, mas- 
toid, or various parts of the inner or middle 

ear. Demonstration and correction of such 
cerebrospinal fluid fistulae have often 
proved most challenging and frustrating to 
the surgeon. 

Because this is such a critical and fre- 
quently such a difficult problem, a recent 
unusual case is discussed in detail. The pur- 
pose of the authors 1s (1) to point out many 
of the common difficulties in locating the 
cause for recurrent meningitis, (2) to de- 
scribe the use of an opaque medium (pant- 
opaque) to visualize under the image inten- 


* From the Departments of Neurosurgery and Radiology, 


sifier the escape of cerebrospinal fluid from 
the pontine cistern into the middle ear and 
thence by way of the eustachian tube into 
the nasopharynx, and (3) to document 
another of the rare cases of otorrhea and 
rhinorrhea associated with a congenital de- 
tect of the petrous portion of the temporal 
bone in the region of the internal auditory 
meatus. 


REPORT OF A CASE 
S.F. (A46.10-72) was first admitted to the 
Children’s Hospital Medical Center at 16 
months of age on July 22, 1957. He was 
transferred from another hospital where he had 


been admitted 3 days previously because of 
fever, vomiting, stiffness of the body and 


cyanosis. Lumbar puncture at the time of 
admission to the referring hospital had shown 
1,500 white blood cells per cu. mm. of which 
go per cent were polymorphonuclears. Cultures 
of the cerebrospinal fluid were sterile; nose and 
throat cultures grew Micrococcus 20 genes Var. 

aureus and pneumococci. He had been treated 
with penicillin and sulfadiazine. 

There were two previous admissions to the 
referring hospital, one at the age of 11 months 
and the other at the age of 14 months. At the 
time of his first hospital admission in February, 
19§7, pneumococcal meningitis was diagnosed 
by culture and smear of the cerebrospinal fluid 
and was treated with penicillin, sulfadiazine, and 
oxytetracycline. Within 24 hours the cerebro- 
spinal fluid was reported as sterile. He had 
developed subdural effusions which cleared 
with repeated taps. 

His second admission was in May, 1957 
when he developed vomiting and a rigid neck 
after having hac purulent coryza. He had also 
been found to have red, bulging tympanic mem- 
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branes bilaterally. Cerebrospinal fluid cultures 
at that time also grew out pneumococci. He had 
again been treated with penicillin, sulfadiazine, 
and chloramphenicol intravenously. Again the 
cerebrospinal fluid was sterile within 24 hours. 
Skull roentgenograms were reported as nega- 
‘tive for mastoid abnormality. 

Past medical history revealed that the child 
had been born without incident after an un- 
complicated gestation. At 2 months of age he 
had fallen from the kitchen table, was not 
unconscious, and skull roentgenograms were 
reported as negative. He was sitting alone by 
10 months, and pulled himself to a standing 
position by 11 months. He was not vocalizing 
at the time of his first Children’s Hospital 
Medical Center admission. His mother felt 
certain that the child was deaf since he at no 
time had shown any reaction to noise. 

His physical examination in July, 1957 
showed an active child who made no response 
to sound. His head circumference was 44.5 cm., 
length 76 cm., weight 21 pounds. His fontanelle 
was 2 cm. wide and flat. Both tympanic mem- 
branes were dull and injected. The one on the 
right had a whitish gray exudate in the poste- 
rior superior quadrant. Neurologic examination, 
in addition to the deafness, revealed sym- 
metrically brisk reflexes with extensor plantar 
responses. A careful search of the skin revealed 
a dimple in the sacral area which could be 
probed to within 1 cm. of the spinous process. 

Lumbar puncture yielded sterile fluid with 
660 white blood cells per cu. mm. of which 55; 
were polymorphonuclears. Three subsequent 
taps were also sterile; the last on July 26, 1957 
showed no white blood cells. On July 29, 19:7, 
the sacral dermal sinus tract was excised; it did 
not penetrate the fascia. 

On August 6, 1957, the Ear, Nose and Throat 
Service performed an adenoidectomy and ex- 
ploratory paracentesis of both tympanic mem- 
branes. The right ear was dry; the left yielded 
o.§ ml. of serous fluid which grew out many 
Micrococcus pyogenes var. aureus. On August 8, 
1957 the sacral wound separated and a per- 
sistent leak of serous fluid developed. On 
August 9, 1957, serous fluid was also noted to 
be draining from the left ear; On August Io, 
1957, indigo carmine was injected into the 
lumbar theca to determine if the sacral wound 
was communicating with the subarachnoid 
space. The dye appeared in the ear canal; none 
in the sacral wound. Three days later, the child 
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developed leakage of cerebrospinal fluid from 
the nose. 

On August 17, 1957, a left temporal craniot- 
omy and exploration of the petrous pyramid 
through the middle fossa were performed. No 
dural defect nor site of cerebrospinal fluid 
leakage could be found. For 5 days postopera- 
tively, the child exhibited both rhinorrhea and 
otorrhea from the left ear. The otorrhea 
stopped on the fifth postoperative day. Indigo 
carmine was injected by lumbar puncture, and 
appeared in the left nostril 3 minutes later; it 
appeared in the left ear canal 8 hours later. 
On August 27, 1957, myelography was unsuc- 
cessfully attempted. By September 1, 1957, no 
otorrhea nor rhinorrhea could be detected after 
holding the patient inverted for 3 minutes. 

Roentgenograms of the skull reportedly 
showed nc abnormalities of the cranium or 
paranasal sinuses, although the left mastoid 
was described as of greater density than the 
right. No spine defects were noted. 

After discharge, the child was followed in the 
Out-Patient Clinic, where a hearing loss of 
90-110 decibels was recorded in both ears by 
psychogalvanic audiometry. The parents re- 
ported no leakage until October, 1958, when 
they noted a watery rhinorrhea. At this time, 
however, it could not be demonstated even 
with the child inverted by the examiner. 

In January, 1959 the child was hospitalized 
at another hospital, again with pneumococcal 
meningitis. He was next seen in the Ear, Nose 
and Throat Clinic in mid-February, 1959 where 
his examination was reported as normal. In 
April, 1959 the parents reported that the child 
was having frequent bouts of watery rhinor- 
rhea. Hearing tests at that time again showed 
a 90-100 decibel loss in both ears. 

In July, 1959 at the age of 3 years and 4 
months, the child was again admitted to the 
referring hospital where he was started on 
penicilin after a diagnosis of pneumococcal 
meningitis was made by smear and culture. 
Examination on admission showed no otorrhea 
nor rhinorrhea. The left external ear canal was 
filled with purulent exudate; paracentesis 
yielded thick mucous fluid which was sterile 
on culture. Lumbar puncture showed cloudy 
fluid with 8,900 polymorphonuclear cells per cu. 
mm. The smear of the cerebrospinal fluid - 
showed encapsulated gram-positive diplococci 
which did not grow on culture. ง 

Roentgenograms of the skul revealed the 
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craniotomy defect. The mastoid on the left 
was described “underdeveloped with in- 
creased density throughout, with loss of clarity 
of all landmarks.” In the Hertz pcm 
there was a defect in the left temporal bone 
with sclerosis of the mastoid. There was no de- 
struction of the petrous tip nor of the body of 
the petron. 

After a course of intravenous penicillin and 
chloramphenicol, the child was discharged 
without oto- or rhinorrhea. 

'The third Children's Hospital Medical Center 
admission of this patient was on December 29, 
1959. Since his discharge, he had been admitted 
to the refer ring hospital 5 times with pneumo- 
coccal meningitis; the last admission being § 
days prior to transfer. Lumbar puncture yielded 
cloudy fluid with 10,000 polymorphonuclear 
cells. He was again treated with penicillin and 
chloramphenicol. 

On January 4, 1960, pantopaque was Intro- 
duced into the cisterna magna under fuoro- 
scopic control after previous lumbar myelog- 
raphy had been unsuccessful. At that time no 
external communication could be demon- 
strated. In subsequent roentgenograms, one of 
us (M.H.W.) noted "2 droplets of pantopaque" 
in the petrous bone, just lateral and superior 
to the auditory meatus and suspected that the 
opening might be posterior rather than anter- 
lor. 

On January 22, 1960, the left petrous pyra- 
mid was re-explored through the middle fossa 
and the tentorium was sectioned, but no dural 
defect was found (D.D.M.). All nerves and 
vessels were wrapped in gelfoam at their 
foramina. The patient's postoperative course 
was uneventful. He was discharged on January 

1960, without any leakage. Following dis- 
eee he was seen in the Out-Patient Depart- 
ment on two occasions, still with complaints 
of rhinorrhea, but on neither occasion could 
the leak be demonstrated. 

On March 5, 1960, the patient was re-admit- 
ted to the Children’s Hospital Medical Center 
for the fourth time with a history of fever, 
vomiting, headache and left-sided rhinorrhea. 
Except for meningeal irritation, deafness, and 
rhinorrhea, the physical examination was nor- 
mal. A lumbar puncture showed 750 white blood 
cells per cu. mm; he was heated on penicillin 
and ch loramphenicol. The culture subsequently 
was reported as sterile. On March 11, 1960, a 
left frontal craniotomy and exploration of the 
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cribriform plate were performed and a fascial 
graft inserted (D.D.M.). His postoperative 
course was uneventful and he was discharged 
on March 18, 1960 with no sign of rhinorrhea. 
The parents returned the child to the Out- 
Patient Department on March 23, 1960 with 
a history of rhinorrhea starting the first day 
after discharge. Plans for an elective admission 
were subsequently cancelled because the rhinor- 
rhea stopped. He was seen again on April 6, 
1960 for a follow-up visit at which time the 
parents reported no leak. 

His fifth admission was from April 15, 1960 


to April 23, 1960. He entered with fever 
(103°F.), vomiting and headache. No leak 


could be demonstrated during his hospital stay. 
Cerebrospinal fluid contained 6,000 poly- 


morphonuclear celis per cu. mm.; cultures re- 


vealed a/pha streptococci. Roentgenogr ams of 
the skull showed residual contrast material in 
the basilar cisterns but none in the petrous 
bone. 

On May 11, 1960, the child was re-admitted 
because of persistent rhinorrhea which de- 
veloped again shortly after discharge. At this 
time there was no suggestion of otorrhea so a 
bifrontal craniotomy was performed to expose 
both cribriform plates, the sphenoid and sellar 
region (D. D.M.). The only possible site of leak 
was again an outpouching of the dura through 
one oF the holes of the cribriform plate. This 
was sealed with muscle and gelfoam and was 
covered with a periosteal graft. On the second 
postoperative day, the patient developed pro- 
fuse rhinorrhea from the left nostril with fever 
and signs of meningitis. Culture of the cerebro- 

spinal fluid revealed pneumococci. He was 
treated with intravenous penicillin and chlor- 
amphenicol. 

Under general anesthesia, a lumbar puncture 
was performed and 1 ml. of buffered phenolsul- 
fonphthalein was injected. An Ear Nose and 
Throat consultant then performed selective 
packing of the nasophary ynx and choanae. It 
was his opinion that the dye was not coming 
an E cd เง tube; he 1 n most 


sinus. On e 8, 1960, 0890 was again 
introduced into the cisterna magna. Fluoros- 
copy and follow-up roentgenograms failed to 
demonstrate any fistulae. No further surgery 

was offered and the patient was discharged 
only to return 1 day later with fever, vomiting, 
headache, and rhinorrhea. In addition to posi- 


Vor. 91, No. 3 


tive Kernig and Brudzinski signs, the patient 
also had 5,000 polymorphonuclear cells per cu. 
mm. in his cerebrospinal fluid. Cultures were 
subsequently reported as vielding no growth. 
He again responded well to penicillin. and 
chloramphenicol. On June 20, 1960, the bifrontal 
craniotomy was reopened (D.D.M.). After 
thorough negative exploration including the 
pituitary fossa, the cribriform plate was again 
packed with muscle. There was no sign of leak 
at the time of operation. The postoperative 
course was remarkable this time only for the 
lack of rhinorrhea, The patient was discharged 
on the tenth postoperative day with no sign of 
leak, 

The patient did well until August 4, 1960, 
when he returned with lethargy, fever, vomiting, 
headache, and stiff neck. His physical findings 
were as before. Lumbar puncture revealed 220 
white blood cells per cu. mm.; smear showed 
gram-positive cocci! in chains, which the cul- 
tures showed to be gamma streptococci. Treat- 
ment again consisted of penicillin and chlor- 
amphenicol intravenously. Following intra- 
thecal administration of phenolsulfonphthalein, 
the dye was noted on the sheets the following 
morning; none having appeared during the few 
hours of close observation. On August 23, 1960, 
another pantopaque study was performed under 
Huoroscopy. The survey skull roentgenograms 
suggested that 2 minute droplets of residual 
pantopaque from the previous contrast study 
were trapped in the left petrous bone in the 
region of the middle ear. Consequently, another 
attempt at demonstrating the cerebrospinal 
fuid leak by roentgenography with contrast 
medium was carried out, directed to this area. 
Three cubic centimeters of pantopaque were 
injected into the subarachnoid space via the 
lumbar route. The radiopaque medium was 
monitored by direct viewing through a fluoro- 
scopic image intensification svstem and move- 
ment of the pantopaque by gravity Was con- 
trolled by shifting the patient’s position as in 
conventional myelography. The contrast me- 
dium was kept in one unbroken column, run 
down the spinal canal, through the foramen 
magnum, up the clivus, and then pooled in the 
left lateral recess of the cisterna pontis. Shortly 
thereafter, the fluoroscopist noted droplets of 
the medium on the back of the patient’s tongue. 
While keeping the contrast medium pooled in 
the left cerebellopontine angle, the patient’s 
head was positioned for roentgenography in the 
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submentovertical view of the skull and the con- 
trast medium could be observed in the left 
middle ear and posterior pharynx. Spot roent- 
genograms taken in this position (Fig. 1, 4 and 
B) showed opacification by pantopaque of the 
left middle ear, left eustachian tube and drop- 
lets appearing on the posterior pharyngeal wall 
at the site of the eustachian tube orifice. Al- 
though the exact site of entry of the medium 
into the middle ear was not identified, its course 
from the posterior fossa, through the middle 
ear, eustachian tube and into the nasopharynx 
was established. 

Accordingly, on September 2, 1960, sub- 
occipital craniectomy with exploration of the 
left cerebellopontine angle was carried out. A 
dural defect projecting into a large bone open- 
ing at the internal auditory meatus posterior 
and inferior to the eighth nerve was noted by 
the surgeon (J.S.). The bone opening was filled 
with a mixture of bone wax and cotton in hope 
of promoting a fibrous reaction. Postopera- 
tively, there was a temporarv left facial weak- 
ness which improved rapidly. No cerebral 
spinal fluid leak could be demonstrated. On 
September 10, 1960 and again on September 12, 
1960, intrathecal phenolsulfonphthalein was 
introduced. but no evidence of rhinorrhea or 
otorrhea could be found. On September 14, 
1960, the patient was discharged. He has been 
followed closely in the Out-Patient Depart- 
ment. At no time in the 2 years and 10 months 
since operation has any sign of rhinorrhea or 
otorrhea developed and there has been no 
recurrence of meningitis. He is presently attend- 
ing a school for deaf children and is a bright, 
alert, attractive child. Physical examination 


except for his congenital deafness is normal. 
DISCUSSION 


In commenting upon the spontaneous 
cessation of otorrhea caused by basal skull 
fracture, Dandy? remarks “ .. . this is for- 
tunate because 1t would be difficult to de- 
termine the site of the fistula; 7.e., whether it 
was in the middle or the posterior fossa." 
Many neurosurgeons can confirm this diffi- 
culty. By using intrathecal phenolsulfon- 
phthalein, indigo carmine, § per cent fluoro- 
scein* or radioactive Na? * coupled with 
nasopharyngoscopic examination, it is usu- 
ally possible to tell whether rhinorrhea is 
due to a local fistula through the cribriform 
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Panto- 


CAY. Lateral 
paque ts shown in cisterna pontis and middle ear. 
Note also (arrows) pantopaque entering ectatic 
bone portion of eustachian tube and in naso- 


Fic. 1. spot roentgenogram. 


pharynx. (B) Submentovertex spot roentgeno- 
gram. Note pantopaque in dilated bone portion of 
eustachian tube, tapering to narrow column in 
normal-sized membranous portion on left side 
(arrow), 


plate or paranasal sinuses, or whether the 
cerebrospinal fluid gets to the nasopharynx 
through one of the ‘eustachian tubes. If in- 
deed it can be determined to come by way 
of the eustachian tube, it still remains to 
locate the site of egress from the subarach- 
noid space. Even if it is apparent by roent- 
genographic examination that a congenital 
anomaly of the petrous portion of the tem- 
poral bone is present, no assumption re- 
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garding the exact location of the cerebro- 
spinal fluid fistula is Justihed. because the 
leak might still be from either the posterior 
fossa or the middle fossa. 

Alberti and Dawes! have reported an in- 
cidence of congenital dehiscences of the 
tegmen tympani of 5.4 per cent in autop- 
sied cases. Menzelius? and Ferrer! have 
described leaks occurring through defects 
at the internal auditory meatus. Upde- 
graff! also described a congenital detect 
causing otorrhea which prob ably had its 


origin at the internal auditory meatus. 
Nulsen? and colleagues recently observed 


4 cases of cerebrospinal fluid fistulae visual- 
ized by pantopaque in the subarachnoid 
spaces and 1 of these was a communication 
at the internal auditory meatus. 

Accurate visual demonstration of the 
location of a cer ebrospinal fluid fistula is 
possible bv the use of pantopaque roentgen 
examination. In 1956, Ghouralal, Myers 
and Campbell? 7eported using pantopaque 
to demonstrate the origin of a cranio-otic 
fistula which developed following skull 
fracture. Their roentgenograms, taken after 
instillation of pantopaque into the cisterna 
magna, showed the opaque mec dium in the 
posterior fossa and in the nasopharynx; 
none was seen in the middle fossa. Raat!” 
has also noted the use of pantopaque to 
demonstrate the source of a cerebrospinal 
fluid fistula. 

By allowing the persistent findings of 
rhinorrhea and meningitis to obscure the 
significance of the underlving and long 
established diagnosis of congenital deafness 
in the case reported here and having been 
lulled into a tase sense of security by the 
cessation of otorrhea following the opera- 
tions on the petrous bone, the attending 
surgeons mistakenly turned their attention 
to the cribriform plate and the paranasal 
sinuses as the source of the cerebrospinal 
fluid leak. It appeared that the otorrhea 
had been cured by the operation on the 
petrous pyramid. When the child re-en- 
tered with onlv rhinorrhea and no sign of 
otorrhea appro xim; ately 1 vear after his first 
operation, an attempt was made to visual- 
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lic. 2. Towne view. Cushing clips from previous operation on left side. Arrow points to anomalous 
inner ear structure. Note haziness of mastoid cells on left due to accumulation of cerebrospinal fluid. 


ize the site of the leak with intrathecal 
pantopaque. Although the leak was not 
demonstrated, follow-up roentgenograms 
showed some pantopaque in the petrous 
portion of the temporal bone. On this basis, 
the petrous pyramid was again explored 
and the tentorium sectioned. Almost a vear 
elapsed before the child returned again 
with rhinorrhea and still no evidence of 
otorrhea. Dural extensions into the cribri- 
form plate were found and obliterated but 
this did not affect the rhinorrhea. 

One of us (M. H. W.) had expressed the 
opinion that the origin of the rhinorrhea 
was from the posterior fossa. Nasopharvn- 
goscopic examination after intrathecal phe- 
nolsulfonphthalein administration failed to 
demonstrate the dye coming from the eu- 
stachian tube, thereby leading to further ex- 
ploration of the cribriform plate and sphe- 
noid bone. When rhinorrhea again recurred 
following the anterior and middle fossa ex- 
plorations, it was decided that the origin of 
the leak must be demonstrated before any 
further surgery was undertaken. After in- 
troducing 3 cc. of pantopaque into the 


lumbar theca with the patient under 
general anesthesia, the ffluoroscopist 


(M. H. W.) was able to obtain the roent- 
genograms shown in Figure 1, 4 and B. AL 
though the exact site of entrv of the pant- 
opaque into the middle ear could not be 
visualized, it was apparent that the opaque 
medium had entered the ear from the lat- 


eral recess of the pontine cistern. Figure 1, 
J and B shows pantopaque in the sub. 
arachnoid space, middle ear, ectatic bonv 
portion and normal-sized membranous por- 
tion of the eustachian tube, and in the 
nasopharynx, 

With the presenting problem of meningi- 
tis and cerebrospinal fluid leakage finally 
solved, attention was subsequently directed 
to the cause of the boy’s bilateral deafness. 
Dr. A. S. MacMillan, Jr., roentgenologist at 
the Massachusetts Eye and Ear Infirm ary 
reviewed this patient's roentgenograms 
with us and feels that the cochlea is absent 
on both sides and that there is a gross de- 
formity of the vestibule on the left (Fig. 2). 
Therefore, this case appears to be similar 
to that presented by Menzelius? of a con- 
genital dural defect at the internal auditory 
meatus associated with aplasia of the inner 
ear. 


SUMMARY 


An unusual case of intermittent otorrhea 
and rhinorrhea with recurrent meningitis 
due to a congenital fistula between the lat. 
eral recess of the pontine cistern and the 
middle ear is described. 

After multiple abortive surgical explora- 
tions of the cribriform and petrous areas, 
the site of the anomalous communication 
was visualized in the region of the internal 
auditory meatus by pantopaque in the sub- 
arachnoid space under fluoroscopic examin- 
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ation. This led to proper operative correc- 
tion through the posterior fossa. Another 
instance of otorrhea and rhinorrhea associ- 
ated with congenital deafness is docu- 
mented. 


Donald D. Matson, M.D. 
The Children’s Hospital 
300 Longwood Avenue 
Boston 16, Massachusetts 
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"TOPAQUE VENTRICULOGRAPHY IN 


CONGENITAL HYDROCEPHALUS AND 


MYELOMENE 
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.GOCELE* 


and PAUL TENG, 





M.D., M.D. 


LOS ANGELES, CALIFORNIA 


HE use of opaque contrast media in 

ventriculography has been docu- 
mented in the literature. 2357.810 In some 
institutions, pantopaque studies are being 
used routinely in selective cases to supple- 
ment or even sometimes in preference to air 
studies. 5? [ts use, however, has been 
mainly limited to adults with tumors of the 
posterior fossa. 

In the present studv, similar principles, 
criteria and methods were applied in hydro- 
cephalic infants in an effort to accurately 
demonstrate the exact location and nature 
of the pathologic process that interferes 
with the normal flow of the cerebrospinal 
fluid and in infants with myelomeningocele 
to detect unmanifested hydrocephalus due 
to other concealed anomalies. The conven- 
tional air studies have not always given 
satisfactory information as to the cause of 
hydrocephalus and location of the obstruc- 
tion, and many times the diagnosis is based 
on indirect evidence with many insufficient 
and presumptive elements. It is the purpose 
of this communication to present and dis- 
cuss a diagnostic method by which (1) the 
patency of the cerebrospinal fluid pathwavs 
can be easily demonstrated, (2) the pres- 
ence of anomalies along its course can be 
accuratelv visualized, and (3) the extent of 
hvdrocephalus can be readilv estimated. 
Thus, it may contribute to an earlier and 
better evaluation in the treatment and 
prognosis of hydrocephalus and meningo- 
cele. 


CLINICAL MATERIAL 


Fifteen infants were included in the 
present series. They were divided into two 
groups. Nine showed clinical signs of hydro- 


cephalus with increased head circumfer- 
ence, vomiting, bulging fontanels, separa- 
tion of the sutures, and irritability. They 
had pantopaque ventriculography as part 
of a thorough neurologic investigation. The 
other 6 were infants with lumbar mvelo- 
meningocele and marked neurologic deficit 
of the lower extremities. None of them 
showed clinical evidence of hvdrocephalus. 
They had normal head circumferences, soft 
anterior fontanel and no separation of the 
sutures. Ventricular contrast studies were 
done on all of them in an effort to determine 
the presence of other developmental anom- 
alies along the cerebrospinal fluid pathways 
that might produce a disturbance in its cir- 
culation resulting in early or late appear- 
ance of hydrocephalus. 


METHOD 


With the infant in prone position, 
through the anterior fontanel, the right 
lateral ventricle is punctured and 1o~1§ cc. 
of air is injected in exchange to ventricular 
fluid. After the introduction of air, 1 cc. of 
pantopaque is injected into the ventricle. 
With the head in brow-down position, the 
oil is collected in the right frontal horn and 
the air occupies the uppermost part of the 
right occipital horn. Anteroposterior and 
lateral roentgenograms of the skull are 
taken at this stage. The contrast medium is 
then moved with the following manipula- 
tions: 

i. By extending the head with the baby 
kept in prone position and then bringing 

the head back to the brow-down position, a 
good part of the pantopaque flows through 
the foramen of Monro to the optic recess of 
the third ventricle. At the same time during 


* From the Neurosurgical Service, Department of Surgery, Kaiser Foundation Hospitals, and Southern California Permanente Medical 


Group, Los Angeles, California, 
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the manipulation, part of the air goes to the 
left ventricle so that at the end of this 
manipulation both occipital horns are out- 
lined by air. The head is extended until the 
orbitomeatal line is parallel to the roent- 
genographic table and kept in that position 
for approximately 1 minute because of slow 
flow of the opaque material (Fig. 1, 4, B 
and C). 

2. The patient is then turned to the 
supine position with the head kept in ex- 
tension. A good part of the pantopaque is 
collected in the suprapineal recess of the 
third ventricle, while the air outlines both 
frontal horns (Fig. 1 D). 

3. By flexing the head to different de- 
grees with the patient in supine position, 
the pantopaque flows through the aqueduct 
to the fourth ventricle, and finally to the 
subarachnoid space and the spinal canal 
(Fig. 1 E). 


RESULTS 


In the 9 hydrocephalic patients, the site 
of obstruction was accurately demon- 
strated. Aqueductal stenosis was found in 3 
patients (Fig. 3, 4, B and C; and 4, 4—D). 
In 3 patients, the obstruction was demon- 
strated at the level of the foramina of the 
fourth ventricle (Fig. 2, 4, B and C). Two 
showed block at the craniocervical junction 
(Fig. 5, 4, B and C). One infant showed no 
evidence of block and the diagnosis of com- 
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municating hydrocephalus was established. 
In 5 cases the roentgenologic diagnosis was 
later confirmed at necropsy (Table 1). 

In the group of 6 infants with myelo- 
meningocele, 2 had aqueductal stenosis 
(Fig. 6, 4 and B). One was obstructed at the 
foramina of the fourth ventricle and 1 at 
the craniocervical junction (Fig. 7, 4 and 
B). At the time of the roentgenologic evalu- 
ation, none of these 4 cases showed clinical 
evidence of intracranial pathology. In the 
other 2 patients, the air-pantopaqueventric- 
ulogram was normal (Table u). The 
clinical course in this group showed close 
correlation with the ventriculographic find- 
ings. One of the patients with atresia of the 
aqueduct started developing clinical signs 
of hydrocephalus at the age of 3 months 
and expired at the age of 8 months. Autopsy 
confirmed the diagnosis of aqueductal 
stenosis. In 1 of the other 3 patients with 
defective cerebrospinal fluid pathways, 
hydrocephalus became obvious at the age 
of 6 months. One had a shunt procedure at 
the age of 4 months when early signs of 
hydrocephalus appeared and further pro- 
gression was arrested. The third patient was 
studied recently and is still under observa- 
tion. 

The 2 infants who showed normal ven- 
triculograms have been followed for 5 and 
16 months, respectively, without any 
clinical signs of hydrocephalus after surgi- 


TABLE 1 


AIR-PANTOPAQUE VENTRICULOGRAPHY IN 9 CASES OF CONGENITAL HYDROCEPHALUS 


Ventriculographic Findings 


Atresia of foramina of Luschka and Magendie (Fig. 2, 4, B and C) 
Aqueductal stenosis (Fig. 3, 4, B and C) 
Atresia of foramina of Luschka and Magendie 


Atresia of foramina of Luschka and Magendie 


Case A Clinical 

No. gc Hydrocephalus 
I I2 mo. Present 
2 3 da. Present 
3 16 mo. Present 
4 3 wk. Present Aqueductal stenosis (Fig. 4, 4-D) 
5 3 wk. Present Block at craniocervical junction 
6 6 mo. Present Block at craniocervical junction 
gi 4 wk. Present 
8 6 wk. Present Stenosis of aqueduct 
9 4 mo. Present 


cephalus 


No block: along cerebrospinal fluid pathway; communicating hydro- 
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~ Ath Vent. 





Fic. r. Diagrams showing the maneuvers in 


air-pantopaque ventriculography. (4) Body 
prone, head in brow-down position. Deposi- 
tion of air and pantopaque in right lateral 
ventricle through anterior fontanelle. (B) 
Body prone, head in extension. Pantopaque 
flows through foramen of Monro into ante- 
rior third ventricle. (C) Body prone, head in 
neutral position..Pantopaque pools in ante- 
rior third ventricle. (D) Body supine, head 
neutral. Pantopaque is seen in third ventri- 
cle. (E) Body supine, head flexed. Posterior 
third ventricle is tilted to pour pantopaque 
through aqueduct and fourth ventricle. 
(Etched areas indicate position of injected 
air. Black bar represents the roentgeno- 
graphic table. FM=foramen of Monro.) 
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Fig. 2. Case 1. A 12 month old baby in whom air ventriculo- 
grams at 3 months of age were interpreted as aqueductal 
stenosis. Ventriculo-atrial shunt was blocked 9 months later. 
Pantopaque ventriculograms demonstrated the block at the 
level of the foramina of the fourth ventricle. Proved by 
necropsy. (4) Upright lateral pantopaque ventriculogram. 
Arrow points to the block at lower fourth ventricle. (B) Au- 


topsy finding. Cerebellar tonsils partially removed to expose 
the block caused by adhesions which sealed the tonsils to the meculla oblongata (arrow) and absence of the 
ventricular foramina. Infolded cerebellar tonsils formed the serrated intraventricular defect. (C) Diagram 


of 4. 


cal repair of the meningocele. 

In 1: of the 15 patients of this series, 
pantopaque ventriculography was per- 
formed in the first 6 weeks of life. All 15 
patients tolerated the procedure well and 
there has been no untoward reaction, Care- 
ful follow-up showed no progression of their 
symptomatology or development of any 
neurologic manifestations which could be 
related to the intraventricular deposition of 
pantopaque, 


DISCUSSION 


In hydrocephalus, air ventriculography 
is often inadequate for the visualization of 
the cerebrospinal fluid pathways in the 
posterior fossa.^*? In most instances, the 
injected air is trapped in the highly dilated 
lateral ventricles without filling or with an 
inadequate amount of air in the posterior 
pathways in spite of repeated, extensive 
manipulations of the infant. On other oc- 


casions, when the posterior fossa structures 
are filled with air, interpretation of the 
study and analvsis of the findings may be 
complicated by superimposed air shadows 
with lack of detailed outline of the indi- 
vidual structures. 

Pneumoencephalography often fails to 
fill the cerebrospinal fluid pathways in the 
presence of posterior fossa pathology — 
especially with defects in the craniocervical 
function. Furthermore, it cannot be used in 
myelomeningocele. 

The cisternal route should be excluded 
since a malformation at the region of the 
cisterna magna may be present and, there- 
fore, may create major technical difficulties 
and hazards for the patient. 

In our series, we combined the introduc- 
tion of pantopaque with a small amount of 
air. The combination of the two media with 
an opposite weight relation to the cerebro- 
spinal fluid permits full evaluation of the 








» 





Vic. 3. Case 2. Air-pantopaque ventriculograms of a 3 week old h ydrocephalic baby demonstrate aqueductal 
stenosis. Proved by necropsy. (4) Upright anteroposterior ventriculogram. Air outlines extent of h vdro- 
cephalus, Aqueductal stenosis is indicated by arrow. (B) Upright lateral ventriculogram shows the position 
of the fourth ventricle (block outline) and a dilated cisterna magna as seen at autopsy. (C) Sagittal section 
of brain stem, cerebellum and diencephalon. Hvpoplasia of right cerebellum (dilated cisterna magna). 


Stenosis of aqueduct is indicated by arrows, 
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ventricular system with a minimum of bubble air provides information on the 
manipulations by the spontaneous filling of presence and extent of hyd rocephalus anc 
opposite parts of the ventricles, pantopaque at the same time the pantopaque outlines 


at one end and air at the other. Thus, the a malformation along the centra pathwav 
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10 2 wk. Absent Present Aqueductal stenosis (1 7 and B) 

Hd 11 da. Absent Present Atresia of foramina of Luschka and Magendie 

2 3 wk. Absent Present Incomplete block at craniocervical junction; 
possible Arnold-Chiari’s formation (Fig. 7, 





1 and B) 
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Fro. 4. Case 4. Air-pantopaque ventriculograms of a 3 week old hvdrocephalic baby. Hydrocephalus was due 





to aqueductal stenosis. (7) Brow-up, lateral ventriculogram. Air and pantopaque in lateral ventricles 


indicate the extent of hydrocephalus. Arrow points to stenotic aqueduct. (8) Diagram of 4. (C) Antero- 
hows blocked aqueduct (arrow). (D Diagram of C. Vi and Vs right and left 
black areas indicate 








sterior ventriculogram 
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= aqueduct. (Etched areas indicate injected air in lateral ventricle 


lateral ventricle; 
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Fic. g. Case 5. Ar-pantopayue ventriculograms of a 3 

week old baby. Hydrocephalus caused by block at cran- 
iocervical junction. (4 Brow-up, lateral ventriculogram. 
Dandy-Walker type of malformation clearly demon- 
trated. Arrows point to the lateral and fourth ventricle. 
(B) Upright lateral ventriculogram. Arrow points to obstruction zt craniocervical Junction. (C) Diagram 
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E165. 6a ir-pantopaque ventriculograms of a 2 week old baby with myelomeningccele showed evi- 
dence of hydrocephalus which was clinically unmanifested. G7) Upright anteroposterior ventriculogram. 
Block at aqueduct indicated by arrow, (5) Upright lateral ventriculogram. (a, b, c and d indicate panto- 
paque collections.) 
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space depends on the patency of the for- 
amina of Magendie and Luschka. The struc- 
tures at the craniocervical Junction can be 

eadily outlined and any anomaly or block 
at the level of the cisterna magna can be 
detected, whereas it may not be visualized 
on air Sandie es. 

In infants with normal pathways or com- 
municating hvdrocephalus, the pantopaque 
passes readily through the cisterna magna 
to the spinal subarachnoid space. The reten- 
tion of a small amount of pantopaque in the 
ventricular svstem did not interfere with 
the function of a shunt that was applied 
shortly after the opaque studies in 6 pa- 
tients of this series. 

We feel that combined. air-pantopaque 
ventriculography presents definite advant- 
ages over other methods of investigation. 
With the use of this technique, we were able 
to establish an accurate diagnosis 1n. all of 
the patients bv the direct demonstration of 


Fic. 


7. Case 1 
hydrocephalus. 
junction, indicated by arrows 
gram. 
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12. Air-pantopaque ventriculograms of a 
Pantopaque passed easily through aqueduct. Incomplete 
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the site and type e of malformation. This was 
of great help in establishing the surgical 
and prognostic criteria as well as the choice 
of the type of shunt procedure. 


We included in our series, 6 infants with 
ms EN i. we and severe neurologic 
deficit related to their spinal pathologv, but 
Íree EN anv clinical manifestations suggest- 


ing intracranial pathology, Pantopaque-air 
ventriculography was performed in an 
effort to detect any coexisting intracranial 
anomalies. In 4 of these infants 1t disclosed 
the presence of unmanifested hvdrocepha- 
lus caused by atresia of the aqueduct, oblit- 

“ation of the foramina of the fourth ven- 
tricle, or obstructive anomalies at the level 
of the craniocervical junction. The full in- 
vestigation for intracranial pathology and 
the accurate demonstration of the defects 
present permitted significant evaluation of 
the status of the central nervous system and 
helped establish criteria for management 





i 3 week old panet with mvelomeningocele. Note 
| block found at craniocervical 


. (4) Upright anteroposterior ventric PAN (B) Upright lateral ventriculo. 
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and prognosis at a very early stage, before 
the development of clinical manifestations 
referable to the demonstrated posterior 
fossa malformations. Our studies showed 
that the anatomic causes of hydrocephalus 
in infants with myelomeningocele are the 
same as in infants with congenital hydro- 
cephalus (compare Tables 1 and 11), thus 
disproving the belief expressed by others 
that the Arnold-Chiari malformation is al- 
ways responsible for its development. 


SUMMARY 


A study of the cerebrospinal fluid path- 

ways by combined pantopaque-air ven- 
triculography in infants with congenital 
hydrocephalus and myelomeningocele is 
presented. The advantages of this method 
of investigation are discussed. Combined 
pantopaque and air ventriculography pro- 
vides not only a demonstration of the ex- 
tent of the hydroceph alus but also the exact 
location and cause of the obstruction. In in- 
fants with myelomeningocele. it permits 
the disclosure of unmanifested hydrocepha- 
lus and coexistent intracranial malforma- 
tions. The early detection of the latter is 
very important for the complete evaluation, 
management and prognosis of these cases. 

The introduction of pantopaque into the 
ventricular system of infants did not pro- 
duce an immediate reaction and did not 
precipitate deterioration of their clinical 
status. Retention of small amounts of pant- 
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opaque in the lateral ventricles did not in- 
terfere with the function of bypassing pro- 
cedures. 


Christos A. Papatheodorou, M.D. 
t 3 

2530 Atlantic Avenue 

Long Beach 6, California 
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BILATERAL NEONATAL ADRENAL HEMORRHAGE* 


By ORLANDO F. GABRIELE, M.D.,t and WILLIAM E. SHEEHAN, M.D.t 


NEW HAVEN, CONNECTICUT 


HE roentgen finding of adrenal cal- 

cification has been noted in a number 
of disease entities including tuberculosis, 
ganglioneuroma, neuroblastoma, pheo- 
chromocytoma, carcinoma, adenoma, gen- 
eralized อ Niemann- Pick dis- 
ease, Echinococcus cysts,and inpseudocysts. 
Adrenal calcification subsequent to adrenal 
hemorrhage is relatively frequent and prob- 
ably accounts for many cases previously 
ascribed to tuberculosis. 

The occurrence of adrenal hemorrhage is 
not uncommon**!! and has been reported 
with birth trauma, forceful resuscitation, 
infection, hemorrhagic disease of the new- 
born, severe burns, hemophilia, leukemia 
and even phy Siglógic involution of the 
adrenal gland although the latter is of 
equivocal significance. Calcification subse- 
quent to hemorrhage is well documented 
and has been reported to occur as early as 
8 days following hemorrhage." 

Adrenal hemorrhage in the newborn is 
infrequently recognized clinically, only 1 of 
Snelling and Frb’s! 15 cases being so 
diagnosed. In a later paper, Geppert ef a7? 
also noted the sparsity of cases diagnosed 
antemortem. 

The case presented afforded an unusual 
opportunity to observe the early clinical 
and roentgen manifestations of bilateral 
adrenal hemorrhage with a long-term fol- 
low-up showing massive bilateral calcifica- 
tion. 





REPORT OF A CASE 


J-B., a male patient, was born on March 26, 
1954 and a review of the obstetrical history 
showed that the labor was full term and un- 
eventful, with a vertex presentation. The baby 
was described as being somewhat listless and 
having a circumoral and peripheral cyanosis 
when out of oxygen. Examination of the skin 


revealed several petechiae and small areas of 
bluish discoloration. 

At 48 hours, the baby still required oxygen and 
was noted to have a large cephalohematoma 
and bilareral masses in the kidney areas. In- 
vestigation of a developing jaundice revealed a 
direct bilirubin of r.4 and indirect bilirubin of 
qoM Repeated Coombs’ tests were negative. At 
this time, the hemoglobin was 13.5 gm. and the 
hematocrit 47 per cent. An intravenous pyelo- 
gram (Fi. 1) made at 14 days of age revealed 
normal renal with both collecting sys- 
tems displaced laterally and inferiorly by 
suprarenal masses. At this time, because the 
infant’s clinical status had considerably im- 
proved, he was discharged and lost to follow-up 
until the present admission. In the interim, his 
growth and development were considered 
normal. 

The patient was currently admitted on April 
14, 1962, complaining of anorexia, nausea, 
vomiting and right upper quadrant pain of 7 
hours’ duration. Physical examination re- 
vealed a slightly dehydrated white, deaf-mute 
boy with pain on palpation of the right upper 
quadrant. The remainder of the functional in- 
quiry and examination was unremarkable. His 
admission laboratory data were as follows: 
hemoglobin 13.8 gm; white blood cell count 
13,000 with 87 per cent polymorphonuclear 
cells, 8 per cent lymphocytes, 2 ape cent eosino- 
phils and 3 per cent monocytes; alkaline phos- 
phatase 15 units; bilirubin: total I.O mg. per 
cent, indirect 0.5 mg. per cent; SGOT normal 
limits; urinalysis normal; and serum electro- 
lytes within normal limits. Anteroposterior 
roentgenography of the abdomen (Fig. 24) and 
intravenous pyelography (Fig. 28) revealed 
bilateral extensive adrenal calcification and 
what appeared to be at least one gallbladder 
calculus. Three attempts at cholecystography 
were mace with resultant very poor opacifica- 
tion; two calculi were visualized. The patient’s 
subsequent course in the hospital was unre- 
markable, the pain abating a few days after 
admission. Laboratory studies for possible 


* From the Department of Radiology, The Hospital of St. Raphael, New Haven, Connecticut. 


T Associate Radiologist. 
t Assistant Resident. 


656 





Bilateral 


VoL. 91, No, 


hypoadrenalism included normal blood cortisol 


levels and urine 17 ketosteroid excretion. A 
glucose tolerance test was also normal. 


DISCUSSION 


Adrenal hemorrhage is not 'are, being 
found in about one per cent of autopsies on 
infants and children." It mav be unilateral 


or more commonly bilateral. Often it 
ccurs in stillborn. Trauma of abnormal 


delivery is probably the most important 
factor in its causation. Although birth 
trauma, fetal size, and prematuritv are 
frequently associated with hemorrhage, 
in Lundqvist's? review of 18 cases of adrenal 
hemorrh ages, 5 tollowed normal deliveries. 
Adrenal vascularity, size, and involution 
in the newborn mav be HN contributing 
factors in hemorrhage. Small bilateral 
adrenal hemorrhages are common in as- 
phyxiated infants but the character of the 
hemorrhage is different. The time of onset 
of symptoms of acute hemorrhage in the 
adrenals is often the second to seventh day, 
corresponding to the age at which hemor- 
rh agic disease of the newborn occurs. How- 
ever, in Snelling and Erb's" 15 cases, there 





big. 
age rev 
kidneys by s 


als lateral and inferior displacement of the 
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Intravenous pyelogram made at 14 days of 


GT) Plain roentgenogram of the abdomen 


Fig. 2. 
obtained duri ing the second admission at the age of 


8 years shows massive bilateral adrenal calcifica- 
tion. (5) Intravenous pyelogram made during the 
second admission demonstrates the relations ship of 


the adrenal calcification to the normal upper 


urinary tract, 


'as definite association with hemorrhagic 
disease of the newborn in 1 case only. 

Goldzieher ef a/.** were the first to clini- 
cally diagnose adrenal hemorrhage in the 
newborn, On the basis of 37 cases of adrenal 
hemorrhage in the ae ee 38 in older 
infants, and 6 additional cases, 5 of which 
were diagnosed during life, the clinical 
signs were divided into 2 categories: (1) 
manifestations of acute adrenal insuffi- 
ciency: rapid respiration, pyrexia, purpu 
metabolic upsets, convulsions, cyanosis, 
abdominal pain, vomiting, diarrhea, coma; 
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and (2) manifestations of acute hemor- 
rhage: shock, collapse, weak pulse, cold 
extremities, pallor, air hunger, distended 
abdomen, and palpable masses. Symptoms, 
however, are variable from sudden death to 
no symptoms with all gradations in be- 
tween. 

Adrenal hematoma may simulate a tu- 
mor on both physical and roentgen exami- 
nation.” This is particularly true when it 
presents as a unilateral mass without acute 
symptomatology. With adrenal cortical 
insufficiency and associated electrolyte 
imbalance, the clinical picture may simu- 
late pyloric stenosis or high intestinal 
obstruction.? 

Of the several interesting aspects pre- 
sented by the reported case, we thought a 
few to be worthy of comment. In light of a 
statement by Hill and Williams® that no 
long-term survivals of massive bilateral 
adrenal hemorrhage are recorded in the 
literature, we found this case to be some- 
what unique. Schaffer? reports a similar 
case with adrenal calcification following 
hemorrhage within 8 months. His case is 
illustrated by an intravenous pyelogram. 
Most previous cases described with adrenal 
calcification had abnormal birth histories 
and were thus presumed to have sustained 
adrenal hemorrhages at that time. How- 
ever, usually no neonatal roentgen studies 
had been done. It is probable that a large 
number of patients with adrenal calcifica- 
tion, in the past frequently ascribed to 
tuberculosis, sustained adrenal hemorrhage 
shortly after birth. Similar to the 3 cases 
reported by Stevenson ef al." investigation 
of the above patient revealed a normal 
adrenal status in spite of what must have 
been extensive involvement of the gland 
during the perinatal period. The diagnosis 
of cholelithiasis made during the current 
admission is also of some interest as this 
disease is rather uncommon before puberty 
in the absence of hemolytic disease. 


SUMMARY 


A case of massive bilateral adrenal 
hemorrhage in a newborn infant is re- 
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ported. The clinical course was benign with 
no sequelae other than the presence of 
massive bilateral adrenal calcification noted 
8 years subsequent to the original episode. 


O. F. Gabriele, M.D. 
Department of Radiology 
The Hospital of Sz. Raphael 
New Haven 11, Connecticut 
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DELAYED SEQUEL 


S IO RENAL INJURY 


IN CHI L DHOOD* 


By CHITTI PALAVATANA, M.D.,7 S. ROBERT 
and FREDERIC N. 


CINCINNATI, 


HE increasing importance of trauma 
as a cause of morbidity and mortality 
in childhood warrants 
acute and chronic effects of trauma on vari- 
ous organs and organ systems. This paper is 
concerned with injury to the kidneys. Renal 
injuries may occur as isolated events or as 
part of widespread injury to the body. In 
1937, Campbell! reported 11 cases of renal 
injury in children under 15 years of age, 
occurring between 1914 and i929; the 
incidence was 1: 2,000 pediatric admissions. 
Between 1946 and 1962, 73 children were 
admitted to The Children's 
Cincinnati because of renal injury. During 
the 16 vear period, there were 118,000 ad- 
missions. The 
renal injury thus has increased about 20 
per cent to 1: 1,600 admissions. Inasmuch as 
the frequency of all injuries has increased, 
it is not surprising that the frequencv of 
renal injurv has followed a similar pattern. 
Our interest in the subject of sequels to 
renal 1 injury in children was by 
a report from France? in which 3 cases and 
a possible fourth of definite renal atrophy 
following contusion were described. We had 
not regularly obtained late follow-up 
studies on our patients with renal injury 
because clinical sequels had not been ob- 
served, and the incidence of post-traumatic 
renal atrophy was not clear. We, therefore, 
undertook a follow-up examination of our 
cases of renal contusion in an effort to 
determine the frequency with which this 
tvpe of atrophy could be identified. 


INCIDENCE OF RENAL SEQUELS 


Renal atrophy and distortion of the 
renal pelves following injury have been 


consideration of 


Hospital of 


more recent incidence of 
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known for some time, but the great major- 
itv of the reports refers to studies in adults. 
Colston and Baker? found marked patho- 
logic changes in the kidney or in the peri- 
renal tissue in 13 patients studied at vary- 
ing intervals after trauma to the region 
of the kidney. Only 1 of the 13 patients was 
in the pediatric age group, a boy of 13 
years. Steinbock!® found that 40 of 54 
patients with renal injurv, who were ex- 
amined several vears after the accident, had 
a normal renal pelvis and kidney. In 2 
of the remaining cases, the affected kidney 
was without function, in another there 
was hydronephrosis and a fourth had 
pyelonephrosis and stone formation. Seven 
cases demonstrated minor changes in the 
renal pelvis which were thought to be a 
consequence of scar formation. Three cases 
were described as demonstrating “cav- 
ities.” Of the 40 normal patients, 7 were 
children, all males under the age of 10 
vears. Three of the patients with renal 
pelvic deformities had been injured as 
children, but the follow-up studies were 
accomplished after maturity. According to 
Olsson,? the tendency to healing is great 
even with severe renal rupture. Neverthe- 
less, he too noted renal atrophy following 
injury in which extravasation had taken 
place; the atrophy was observed within ร 
months แร ง the m pae i i 


injur s. 

Hypertension following rupture of the 
Td can occur very quickly and has been 
repor ted to respond to nephrectomv.? 
Sobel’ postulated that perinephritic hema- 
toma is responsible for the hypertension bv 
producing a constricting envelope around 
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the kidney which compresses the organ. It 
was suggested that this compression was 
comparable to that which occurs in “cello- 
phane perinephritis."? It is interesting that 
transient hypertension has been observed"! 
after heminephrectomy and has been ex- 
plained on the same basis. Strangely, it 
is difficult to find reference to late sequels 
of hypertension in individuals with atro- 
phic kidneys following injury. 

Reports limited to renal injury in chil- 
dren are relatively uncommon. DuChamp 
and his associates? noted sequels of definite 
renal atrophy in 3 of 4 cases. The fourth 
patient had an abnormally small kidney, 
but because pyelographic studies were not 
taken at the time of the initial injury, the 
authors felt they could not differentiate be- 
tween atrophy following trauma and a 
congenital hypoplastic kidney. Atrophy 
was characterized by a distinct change in 
renal contour and volume as noted in ex- 
cretory urograms, with generalized or 
localized decrease in the area of the renal 
shadow on the affected side, and frequently 
a compensatory hypertrophy on the oppo- 
site side. The changes were noted in follow- 
up examinations as early as 6 months after 
the injury, and became more accentuated 
with the passage of time. 


METHODS 


The hospital records of children admitted 
with a diagnosis of possible renal contusion 
or injury were reviewed for the years 1946 
through 1961. Those patients who had a 
clinical history or evidence of injury to the 
abdomen, who had hematuria or other evi- 
dence of renal injury, and who had intra- 
venous pyelograms within the first 2 weeks 
following the injury were asked to return 
for repeat examination. Fourteen patients 
were available for study. There was no 
selection with regard to history of severity 
of the injury or the extent of damage to the 
kidney noted on the first excretory uro- 
gram. All except Case 10 had an excretory 
urogram made within 24 hours of the injury. 
Case 10 had a plain roentgenogram of the 
abdomen and a cystographic study follow- 
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ing the injury; no extravasation from the 
bladder was noted and the patient was 
explored immediately on the basis of a 
clinical diagnosis of rupture of the right 
kidney. Excretory urography was per- 
formed 2 weeks after the injury. 

All 14 patients had subsequent intra- 
venous pyelographies, routine urinalyses 
and blood urea nitrogen determinations, 
and their blood pressures were recorded. 
Twelve of the patients were white males, 
one was a Negro male and one was a white 
female. The youngest patient at the time 
of trauma was 5 years and 1 month; the 
oldest was 14 years and 9 months of age. 
The median age was 12 years 1 month. The 
youngest at the time of the follow-up ex- 
amination was 7 years and 10 months while 
the oldest was 20 years and 7 months; the 
median age at follow-up was 14 years 24 
months. All except Case 6 had been treated 
conservatively. The shortest follow-up was 
10 months (Case 4); the longest was 13 
years and 10 months (Case 6), and the 
median follow-up was 2 years 6 months. 


RESULTS 


The findings are summarized in Table 1. 
All patients had a normal blood pressure, 
urinalysis and blood urea nitrogen at the 
time of the follow-up examination. Nine 
of the 14 cases had abnormal excretory 
urograms at the time of the initial examina- 
tion, but only 2 of these had definite ab- 
normalities at the time of the follow-up 
examination. These 2 cases are described 
in detail below. 


REPORT OF CASES 


Case 6. J.F., a white male, aged 6 years 9 
months, was admitted May 18, 1949 after being 
struck by an automobile. On physical examina- 
tion a rigid and almost silent abdomen was 
found, in addition to contusions elsewhere in 
the body. Catheterized urine was grossly 
bloody. A plain roentgenogram of the abdomen 
demonstrated a poor renal outline on the right 
side, and because of a rapid drop in blood pres- 
sure and clinical findings consistent with intra- 
abdominal bleeding and trauma, the patient 
was explored for rupture of the right kidney. On 
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Fic. 1. Case 1. C7) Moderate distention is present in several loops of intestine. (B and C) Barium enema 
studies show a normal caliber but grossly shortened colon. No transition segment is seen. (D) Spot roent- 


genogram of the ileum shows a markedly dilated loop of ileum. Fluoroscopically, repeated intussusception 
over a 20 minute period was observed. 
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undiagnosed. Enema studies had shown Cask u. No. 161 44 69. This full term Negro 
either a "normal" colon, as noted above, or male was transferred to the pediatric surgical 
| unit at 2 davs of age because of bile.stained 
emesis of 24 hours’ duration. Meconium was 












a "microcolon." In our case, the chronic 

constipation had been clinically over- ~ D NUMEN MIO Oh ee GS rae wees 
: l passed at 36 hours. He continued to vomit 

shadowed by the picture of apparent high intermittently though he had normal appearing 

intestinal partial obstruction suggesting à bowel movements. Physical examination 
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malrotation. showed slight distention; rectal examination 
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mal. À plain Reni e am of ihe m on 
the second day of life showed moderate dilata- 
tion and fluid levels tn the intestine (sg. 2.7). 
He improved during the next 3 days but disten- 


tion recurt red on the fifth day and a barium 
enema examination was performed (lig. 2, B 
and C). The colon was of normal caliber. al- 
though slightly shortened; massive small bowel 
distention with air fluid MES was apparent on 
the enema studies. The diagnosis of agangliono- 
sis of the colon and terminal ileum was sug- 
gested; low eal stenosis was an alternate diag- 
nosis. At operation, the small bowel was found 


to be dilated down to the terminal ileum; the 
latter appeared normal. The colon was not 


dilated though the sigmoid showed transition 
from a normal midsigmoid to a narrow distal 
sigmoid. Absence of ganglion cells in the ter- 
minal ileum was demonstrated by frozen sec- 
tion; ileostomy in the dilated ileum was per- 


formed but this too was found, on biopsy, to be 
aganglionic. The prolonged nature of the pro- 


cedure and the infant’s poor general condition 
led the surgeon to terminate the operation. It 
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Fic. 2. Case 11. 67). Distention of multiple 
loops is seen at 24 hours of age. Delineation 
of small from large bowel is impossible. (8 
and C) A normal caliber colon is filled with 
barium at the age of § days. Shortening is 
minimal, The lateral view shows air-fluid 
levels in small bowel. 


was hoped thar the ileostomy was close to the 
transition from ganghonic to aganglionic ileum 
and would, therefore, function. The stoma 
turned dusky postoperatively and was clearly 
nonviable bv the fifth postoperative day. Re- 
exploration revealed gangrene of the terminal 
eum and right colon. The gangrenous bowel 
was resected and an ileostomy was performed 
in the ganglionic ileum. Deterioration of the 
patient with sepsis and pneumonia caused his 
death at the age of 18 days. 

Comment. This child was considerably 
vounger than Case 1. The colon was of 
normal caliber and pnl slightly shortened. 
The upper gastrointestinal tract was not 
studied. The marked dilatation of the small 
bowel and the normal appearance of the 
terminal ileum at operation suggest that 
the transition from dilated to normal ileum 
would appear on the roentgenogram as a 
zone of intussusception if peristalsis were 
present. Though the small bowel dilatation 
and the age of the patient could have sug- 
gested low ileal stenosis or an atypical 
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late form of meconium ileus, both condi- 
tions show the "microcolon" of “nonuse”’ 
(Fig. 3), a colon of smaller caliber than the 
normal but of normal length and convolu- 
tions. 


Case 111. No. 163 38 70. A full term white 
female infant was transferred to Babies Hospi- 
n i nes ' at a 0 of age. Bi Es stal ined 
life e. phe d movements ON od first 
passage of meconium are said to have been 
normal; however, submitted roentgenograms 
had shown dilated intestine. An upper gastro- 
intestinal study done elsewhere on the tenth 
day of life was ; performed to 0 pyloric 
stenosis. The pylorus was normal. A roentgeno- 
0 24 hours after he: ingestion of 
barium showed marked stasis with retained 
esophageal, gastric and intestinal barium (Fig. 
41). By 15 days of life, marked distention was 
present with large air-fluid levels. On admission 
to Babies hospital, the child appeared chroni- 
cally ill. Distention and pitting peripheral 
edema were noted. She was vomiting bile-tinged 
material. The serum albumin level was 3.8 
gm./100 ml.; the other laboratory studies were 
pont Repeat plain roentgenograms (lig. 
4B) showed multiple air-Auid levels with a 
small sigmoid colon. Prior to the barium enema 
studv, the clinical and roentgenologic diagnosis 
was colonic aganghonosis with a probable 
sigmoid transition zone. Barium enema studies, 
however, showed a normal caliber but a grosslv 
short colon with massive small bowel distention 
(Fig. 4, C, D and E). The changes were magni- 
hed by the erect position and were well seen in 
the Chassard-Lapine study. A diagnosis was 
then made of aganglionosis of the colon and 
terminal ileum. 

Laparotomy revealed a short colon of normal 
caliber. The ileum was hypertrophied and 
dilated to within 8 inches of the ileocecal valve. 
Frozen sections showe d aganglion cell transi- 
tion from dilated to “normal” ileum. Heostomy 
was 8 T ค น she did well for a week, 
, the patient lost weight, 
mi as an Greeny procedure, an ileoproctos- 
tomy was performed. She now has a deliberate 
attachment of ganglionic ileum to aganglionic 
rectum in the hopes that the latter, by prevent- 
ing peristalsis, may slow transit time enough for 
intestinal absorption without causing enough 
obstruction to produce distention and possible 
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microcolon due to nonuse. 


The typical 
This patient had meconium ileus secondary to 


biG. X 


cystic fibrosis of the pancreas. “hough 
small in caliber, the colon is not short. 


very 


enterocolitis, which so commonly fellow partial 
obstruction in patients with aganglionosis.? 


Comment. Vhesubmitted roentgenograms 
suggested a colonic level of transition, 
probably in the sigmoid colon; the upper 
gastrointestiral study showed extreme sta- 
sis. These findings and the distention and 
bile- e somes are ee of 


enema อ ก a pom on 
normal caliber of the colon despite the 
gross small bowel distention. Heal stenosis 
was excluded by the history and the roent- 
gen findings. Unfortunately, a repeat upper 
intestinal barium study to demonstrate 
ileal intussusception was not done. The 
surgeon, given a definitive diagnosis, uti- 
lized rapid frozen section biopsies to con- 
firm the diagnosis and to select the site for 
decompressing ileostomy. The decompen- 
sated state cf the patient was apparent 
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from the small bowel distention noted prior 
to the barium enema examination. If, how- 
ever, an enema study had been done when 
the small bowel was not dilated, the short 
normal caliber colon might easily have been 
considered "normal." 


A REVIEW OF 1 EARLIER CASES IN THE LIGHT OF 
THE ABOVE OBSERVATIONS 
Case iv. No. 62 71 45. A $ week old Negro 
male was admitted in February, 19468. with 
abdominal distention, cachexia and dehvdra- 


been noted since the first few davs of life; a 
barium enema examination done elsewhere had 
suggested megacolon. On admission to Babies 
hospital, he was found to be chronically il, and 
abdominal distention was noted. A serum al- 
bumin of 2.9 gm./100 ml. was found; all other 
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hours after the oral intake of 
barium, stasis is seen with 
esophageal, gastric and intesti- 
nal retention of barium. It was 
thought that the colon was 
filled with barium. (8) Erect 
plain roentgenogram made on 
admission shows a thin recto- 
sigmoid outlined. by arrows; 
large distended loops with air 
fluid levels fll the abdomen. 
(C, D and E) The colon of nor- 
mal caliber though very short is 
filled. The large air fluid levels 
are in the small intestine. The 
Chassard-Lapine study — best 
demonstrates the short sigmoid. 


laboratory studies were normal. A plain roent- 
genogram of the abdomen showed intestinal 
in the right lower quadrant (Fig. 5,7). A hy- 
paque enema studv revealed a short colon with a 
transverse and descending colon of normal 
caliber and a narrowed rectum and sigmoid 
(Vig. <B). It was concluded that the dilated 
loop visualized on the plain roentgenogram was 
colonic. During a preoperative cleansing enema 
prior to colostomy, the patient went into shock. 
Perforation was suspected and repeat plain 
roentgenograms suggested intraperitoneal fuid. 
The patient died soon after, At postmortem 
examination, no perforation was found; massive 
pseudomembranous enterocolitis extended from 
the ileum and right colon to the narrowing 
noted on the enema study in the rectosigmoid 
region. A gross caliber change in the colon was 
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Fic. 5. Case 1v. (4) A markedly stretchec 
cating the small bowel. (5) Hypaque enema study shows a narrow rectosigmoid colon; the rest of the colon 
is short though of normal caliber. 


also found in the rectosigmoid colon at nec- 
ropsy. Microscopic study of the colon, however, 
revealed aganglionosis of the entire colon and 
terminal ileum. Death was attributed to colitis; 
the cleansing enema was thought to have con- 
tributed to the fluid and electrolyte problems 
already present from the extensive colitis. 


Comment. When the plain. roentgeno- 
grams that preceded the enema study were 
reviewed, the marked resemblance ot the 
loop in the right lower quadrant to the ileal 
intussusception seen in Case 1 was noted. 
The short colon of normal caliber was pres- 
ent. The confusing aspect, still unresolved, 
was the finding on the enema study and at 
necropsy of rectosigmoid colon transition, 
both in caliber and in the distal limit of the 
colitis. The enterocolitis of Hirschsprung's 
disease? usually ends at the general area of 
transition from ganglionic proximal to 
aganglionic distal colon. The relative ob- 
struction produced bv the aganglionic seg- 
ment is felt to be a causative factor in the 
colitis. Why this patient, presenting grossly 
with rectosigmoid levels, was found to have 
the entire colon and distal ileum involved 
with aganglionosis is unknown. 


Case v. No. 138 89 55. This patient, a full 
term white male infant, was explored elsewhere 


loop in the right lower quadrant shows valvular markings, indi- 


in August, 1959 at the age of 4 days for “low 
intestinal obstruction." No lesion was found. 
Bile emesis and constipation had been present 
prior to surgery. The obstructive signs persisted 
and the patient eviscerated ร days after lapa- 
rotomy. A repair and cecostomy were performed 
and the infant was transferred to Babies 
Hospital. He was pale and distended. Liquid 
fecal matter was draining from about the right 
lower quadrant stoma. An albumin level of 3.3 
gm. too ml. was the only unusual laboratory 
finding. A barium enema study showed a nor- 
mal caliber colon filled to the midtransverse 
colon. A sigmoid colostomy was pertormed. No 
general exploration was possible because of 
dense adhesions; a biopsy of the sigmoid showed 
aganglionosis at the level of the stoma. The 
colostomy did not function. A retrograde hy- 
paque study through the stoma showed no ob- 
struction, and Dr. John Caffev suggested that 
the entire colon. might be aganghonic. The 
opaque enema study (Fig. 6) showed a normal 
caliber somewhat shortened colon with a large 
filling defect in the right lower quadrant. 
Hypaque was noted to spiral about the defect. 
Temporary improvement in the patient's con- 
dition was followed by further distention. He 
was reexplored. The colon was neither hyper- 
trophied nor dilated. An ileostomy was per- 
formed; however, the patient died soon there- 
after following dehydration, shock and sepsis. 
Postmortem examination showed pseudomem- 
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Fic. 6. Case v. Hypaque enema study through a 
sigmoid colostomy tube shows a colon of normal 
caliber though somewhat short; a spiralling of con- 
trast material about a cecal filling defect is seen. 


branous enteritis from midjefunum to distal 
ileum; the terminal ileum and colon, free of 
enteritis, were aganglionic. 


Comment. As in Case rt, the enema study 
demonstrated a normal caliber colon. 
Shortening was minimal. Small bowel dis- 
tention was not prominent at any time. 
Clinical failure to recognize the problem led 
to delav, further debilitation and final 
lethal pseudomembranous enteritis. Frozen 
section biopsy would have revealed the ex- 
tent of disease. 


Case vi (courtesy Dr. Virginia Kanick, Sr. 
Luke's Hospital, NYC). Ste. Luke's No. 300- 
237. A full term female infant was seen in April, 
1953 at the age of to days because of distention, 
bile-tinged emesis and constipation. A barium 
enema study (Fig. 7) showed a short colon; the 
caliber was slightly smaller than normal though 
clearly not a microcolon. Distention increased 
but laparotomy revealed no signs of obstruc- 
tion. No biopsy was obtained. A colostomy was 
performed but did not function. Four weeks 
later, after slow deterioration, the patient died. 
Postmortem examination showed aganghonosis 
of the entire colon and terminal ileum. 


Comment. We reserve the term "micro- 
colon” for the looping normal length tiny- 
caliber colon of “nonuse”’ seen in meconium 
ileus and ileal atresia. This patient's colon 
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was small with gross shortening. In none of 
our cases of aganghonosis has there been a 
normal length microcolon. Again frozen 
section at the time of the colostomy would 
have carthed the problem and designated 
the stomal site. 


DISCUSSION 


termin ป ileum, with the exception of a few 
instances’ >! where frozen sections were 
taken during exploratory laparotomy be- 
cause 30 obvious obstruction was found, 
reveals that the diagnosis has not been 
were able to find only 30 reported cases up 
to rgo. The true number is probably 
higher, considering the great mortality rate 


Fic. 7. Case VL At 16 davs of age, barium enema 
study reveals a short colon, most marked in the 
sigmoid region. The smajl intestine is greatly 


distended. The colon, though not as large in 


caliber as the average, is not a "microcolon." 
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in aganglionosis when it 1s unrecognized. 
The reasons for the problem of antemortem 
diagnosis are based on the clinical presenta- 
tion. Were the patients to present with 
classic progressive constipation and disten- 


tion, the "negative" laparotomy would 
have alerted most surgeons to obtain 


frozen or permanent section biopsies. This 
would confirm the diagnosis and establish 
the level of involvement. A review of our 

cases and the reported cases? ^? ?.!! shows 
that such a history is not typical. Many of 
the patients gain weight, distention is not 
usually marked and is intermittent rather 
than progressive. Buile-tinged emesis is 


common. The over-all impression is that of 


a rather mild partial small bowel obstruc- 
tion. Some cases present as a high-tvpe of 
obstruction resembling malrotation, as our 
Case 1, others tend to mimic a mild ileal 
stenosis, as our Case 1t. 

Many of the patients died before anv 
surgerv could be done. It operated 
when the small bowel was not dilated, 
"normal" appearance of the colon a 
intestines might be found. In most reported 
cases no biopsv, frozen or regular, had been 
performed and the proper diagnosis was 
not made until after death. 

Roentgenogr aphic examination has been 
of little help in most of the reported 

cases, 9.5. 1. 8.H Asked to look for megacolon, 
the radiologist searches for a colon transi- 
tion zone and finds none. Unfortunately, 
the usual patient is not presented as a prob- 
lem of suspected Hirschsprung's disease 
and onlv routine studies are done, consist- 
ing of an enema examination with immedi- 
ate postevacuation roentgenograms or oc- 
casional upper gastrointestinal studies with, 
at most, a 2 hour roentgenogram. 

The ' ill patient presents a dif- 
ferent problem. Conventional plain roent- 
genograms are of little help in differentiat- 
ing dilated loops of small bowel from the 
colon. Air-Huid levels are frequently pres- 
ent. The usual practice is to do an enema 
examination with either barium or water 
soluble material. If an upper intestinal 
study were done, intussusception might be 
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seen (as in Cases 1 and 1v). Most often the 
enema study was described as "normal" in 
the reported cases?" or in the smaller 
group of patients under 7 days of age as 
showing a 'microcolon. 529 Dorman and 
Swenson and Fisher! salvaged § patients in 
the latter group. Swenson and Fisher re- 
ported 2 patients with "normal" enema 
studies; frozen section SS ac d the diag- 
nosis. Dorman? mentions 2 patients. with 
"microcolon" and 1 with a “normal” 
enema study. These patients presented as 
atypical meconium ileus cases in the first 
week of life; no tvpical findings were seen 
at laparotomy and frozen section again 
established the diagnosis. Neither series 
suggests that the diagnosis of aganglionosis 
was considered preoperatively. The mortal- 
ity rate in the review of Edelman et al’ 

through 1960 was 8o per cent. Dorman,’ 
Swenson and Fisher," and Sandeg a 
account for most of the living cases. 

We have not found any helpful roent- 
genographic criteria in the cases to date. 
"microcolon" is mentioned in the 
case reports of Dorman* and Bowden e£ a/.,° 
among others, the reproduced roentgeno- 
grams do not show the small pencil-thick 
colon of nonuse (Fig. 3). In patients with 
long segment aganglionosis, a period as 
long as 3 months has elapsed betore diag- 
id Wes treatment or 4 Meu 


0 The ud appearance of 
these cases has been discussed to show the 
abnormal shape of the normal-caliber colon. 
Bowden et al show similar roentgen find- 
ings in 2 of 5 reported cases. 

"The shortening is real and confirmed by 
surgical examination. It is best seen in erect 
and Chassard-Lapine positions. The latter 
position, long used in adults to study the 
sigmold, has become a valuable aid in cases 
of aganglionosis. 

lhe exact premicroscopic identification 
of the transition from ganghonic to agan- 
glionic segments is difficult if not impossible 
in these cases. One of our cases (Case tv) 
had an apparent surgical and roentgeno- 
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graphic and gross necropsy level in the 
sigmoid, though microscopic examination 
showed the ileal level. Experience with 
typical megacolon of the sigmoid or recto- 
sigmoid level of transition has indicated the 
great value of delaved 24 and 48 hour 
roentgenograms! showing dilatation, air- 
fuid levels and retained contrast material 
down to the "transition" zone. As shown 
by Hiatt,” the functional obstruction of the 
aganghonic segment halts the peristaltic 
wave coming from the proximal ganglionic 
bowel. Hypertrophy and dilatation develop 
in the proximal segment. In the colonic 


form, the true transition is in the lower 
part of the dilated segment. This area 


dilates, even though aganglionic, because 
of the pressure imposed on 1t from above. 
Therefore, 1n these cases a colostomy can- 
not be performed in the lowest dilated 
bowel above the relativelv narrow recto- 
sigmold. Frozen sections must be obtained 
to locate the ganglionic colon, or, as men- 
tioned by Riker," an immediate far proxi- 
mal colostomy should be done. Riker sug- 
gests a transverse colostomy in such pa- 
tients. 

The demonstration of ileal intussuscep- 
tion on preoperative roentgenograms or the 
gross finding of ileal hypertrophy and 
dilatation above normal.appearing ter- 
minal ileum should alert the surgeon to 
search tor ganglion cells in frozen sections. 
Many cases are reported where at opera- 
tion compensation with absence of dilata- 
tion was noted." The gross normal findings 
point out the waxing and waning char- 
acteristics of the disease. The roentgeno- 
graphic findings parallel the state of the 
disease in its natural course. 

Peristaltic stimulants such as prostigmine 
may be helpful. It may be possible to pro- 
voke dilatation in the ganglionic loops by 
causing peristaltic waves to beat against 
the irregularly spastic segment of agangli- 
onic intestine. Hiatt” showed that un- 
operated on patients with rectosigmoid 
megacolon responded with hy perperistalsis 
proximally and irregular spasms in the 
rectosigmoid. It seems reasonable that a 


Walter E. Berdon, Paul Koontz and David H. Baker 


Marcu, 1964 
similar provocation in the long segment 
cases might induce the intussusception pat- 
tern in the small bowel. What remains 
puzzling is the intermittent nature of the 
decompensation. Why do patients go 4 to 
10 weeks (or even 34 vears) betore serious 
trouble develops? This is even more strik- 
ing when compared to the fact that patients 
seen at 2 to 3 days of life with rectosigmoid 
megacolon have huge dilated colons, entero. 
colitis and lethal outcomes. The low colonic 
group of patients may live with their disease 
into adult life. No long segment cases have 
been seen beyond « early childhood.’ 

Although aganglionosis generally affects 
4 times as many males as females, the 
long segment variety shows a slight pre- 
dilection tor females. Slightly over 4 of 
Edelman and co-workers’ collected cases 
were girls. Our series contains 4 males and 

2 females. In general, congenital defects 
have not been noted as in Hirschsprung’s 
disease. These are otherwise normal infants. 

The cause of aganghonosis remains un- 
known. It has been possible, in animals, to 
render a small segment of sigmoid I RUN 
either by isolating a loop and perfusing it 
with an electrolyte solution during a period 
of several hours,'® or by rapidly injecting 
a bolus of neurotoxic contrast material." 
The small ischemic segment will then de- 
velop localized aganglionosis in the absence 
of infarction, scarring or other inflamma- 
tory changes. No such vascular compromise 
has been found in the human. In all of our 
cases, as in those of Bodian ez al> Ber- 
man,! Riker? and Swenson and Bisher n 
no "skip" areas were found, the aganglio- 
nosis extending from the most proximal 
aganglionic level all the way to the 
anorectum. 

Current treatment is by a ganglionic 
ileostomy; later an ileoproctostomv is per- 
formed.'* The problem of an ileostomy with 
the accompanying diarrhea and loss of 
electrolvtes and protein is immense. Our 
Case 1 is barely surviving. Case 111 was 
doing so poorly with an ileostomy that a 
deliberate attachment of ganglionic ileum 
to an aganglionic rectosigmoid was per- 








VoL. 91, No. 3 


formed in the hope of slowing intestinal 
transit time. It remains to be seen if 
enterocolitis will develop behind the rela- 
tive obstruction of the rectosigmoid.? 


SUMMARY 


1. Colonic and terminal ileal aganglio- 
nosis presents in the first 3 months of life 
as intermittent small bowel obstruction. 
Clinical suspicion is led to possible malrota- 
tion, bands or webs. Constipation and pro- 
gressive distention are the exception. 

2. The barium enema study shows a 
colon of normal caliber but not of normal 
length. The flexures and loops most obvi- 
ously reflect the shortening. 

3. lleal intussusception may be seen on 
plain roentgenograms and upper gastro- 
intestinal barium studies. 

4. "Negative" laparotomies will decrease 
as increased use is made of frozen section 
biopsy techniques to confirm the presence 
of ganglion cells. 

5. Only prompt ileostomy will save such 
patients. 

6. The long segment variety of aganglio- 
nosis, though not common, is more un- 
recognized than extremely rare. 


Walter E. Berdon, M.D. 
X-ray Department 

The Babies Hospital 
Broadway and 167th Street 
New York, New York 
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VOLVULUS OF THE SIGMOID IN CHILDREN? 


By R. PARKER ALLEN, M.D., and J. E. NOR DSTROM, M.D. 


DENVER, COLORADO 


OLVULUS of the sigmoid is a well 

known clinical entity in adults but it 1s 
less common in children. We have seen 6 
cases of sigmoid volvulus in children; all 
had similar clinical and roentgen findings. 
The comparative rarity of juvenile sig- 
moid volvulus is indicated by the fact that 
190 cases of ileocolic intussusception were 
seen during the same period. 


REVIEW OF THE LITERATURE 


In the adult, sigmoid volvulus usually 
occurs during late middle age and repre 
sents a minor percentage of all intestinal 
obstruction cases.! ^ *'! Redundancy of the 
sigmoid, chronic constipation, and exces- 
sive roughage in the diet have all been 
mentioned as predisposing causes. ^5 
The male predominance appears to be well 
established although the ratios vary.?5 The 
classic appearance on plain roentgeno- 
grams is a dilated sigmoid loop which fills 
most of the abdomen and on barium 
enema study a "snake head” deformity at 
the rectosigmoid level, ?3:.5 9/5 

Few children have been reported with a 
sigmoid volvulus. Dean and Murry? de- 
scribed this lesion in a 4 year old who also 
had megacolon. There are 2 other reports of 
patients with a dilated and obstructed 
sigmoid loop." We found no report of 
hvdrostatic reduction of a sigmoid volvulus. 


REPORT OF CASES 

Case 1. K. M. a 34 year old boy, had inter- 
mittent abdominal pain for 2 weeks prior to ad- 
mission. On the day of admission, after straining 
at stool, he had cramping pain which lasted 
about a minute and recurred about every 1o 
minutes. His stools were normal. 

Abnormal physical signs were limited to the 
abdomen which was slightly distended and in 
which a 2 by 3 inch mass was felt in the left 
lower quadrant. There was tenderness on 





Fic. 1. Case i. Barium enema study shows a re- 
dundant sigmoid loop and a partially obstructed 


proximal 
"twisted 
volvulus. 


* From the Radiological Service, The Children's Hospital, Denver, Colorado. 
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end. (B) Spot roentgenogram shows the 
point" configuration at the site of the 


Var. 91, No. 3 


palpation and spasm of the abdominal muscles. 

The laboratory findings were not remarkable. 
On barium enema study the proximal sigmoid 
was obstructed for several minutes. The rest of 
the colon was normal. Following the barium 
enema examination, the pain disappeared and 
after 24 hours of ก ล n the patient was 
sent home. 


Case ir. J. A., a 6 vear old boy, suddenly ex- 
perienced pain in the left lower Quadra of the 
abdomen while swimming, 4 hours before ad- 
mission, When he walked the pain increased, 
He did not become nauseated. He had not had 
a bowel movement for 2 days. 

Physical findings were negative except for a 
palpab le liver and rigidity and tenderness in the 
left lower quadrant of the abdomen. 

Laboratory findings were normal. A barium 
enema study demonstrated complete obstruc- 
tion at the mid-portion of the descending colon 

(Fig. 1, Æ and B). However, the barium 
suddenly filled the rest of the is after hydro- 
static pressure was applied for a few minutes. A 
diagnosis of sigmoid volvulus, probably re- 
duced, was made. At laparotomy a redundant 
sigmoid and descending colon were found. The 
sigmoid was thick and edematous in contrast to 
the rest of the colon which was normal. 


Case iu. S. M., a 4 year old boy, suffered 
from cramping abdominal pain of 4 hours’ s' dura- 
tion which had been preceded by ‘ 
and loss of appetite. 

On physical examination, the only positive 
finding was a flat rigid abdomen. Tenderness 
wis present but was not localized. No masses 
were palpated and the bowel sounds were ac- 
tive 

L3borátary findings were normal excepting a 
leukocytosis of 13,000 with 73 per cent poly- 
morphonuclears, 26 per cent lymphocytes and 
I per cent monocytes. The barium enema study 
showed an obstructed distal sigmoid which sug- 
gested sigmoid volvulus (Fi ig. 2). During con- 
tinued observation, the barium filled a dilated 
loop of sigmoid and subsequently extended into 
the transverse colon. The patient was relieved 
of symptoms and after 24 hours of observation 
he was dismissed. 


'fussiness" 


Case tv. R. N., a 33 year old boy, deve sloped 
cramping abdominal pain after a loss of ap- 
petite. There was no vomiting. 

Physical examination showed a temperature 
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Quse HL shows the re. 


]a. 2 
dundant sigmoid with obstruction at the proximal 


Roentgenogram 


end. "Twisted point" 


visible. 


configuration is plainly 


of 101.8? F. and cervical lymph node enlarge- 
ment. A small amount of blood was found on 
rectal examination. Laboratory findings were 
normal. A barium enema study demonstrated a 
long sigmoid loop which was obstructed at its 
upper end. A diagnosis of sigmoid volvulus was 
made. After a few minutes of hydrostatic pres- 
sure, the volvulus : as reduced and the symp- 
toms disappeared. Two days later the patient's 
tonsils became red and swollen. He responded 
to medical therapy and was discharged in a few 
davs. 


Case v. R. S., a 7 year old boy, complained 
of intermittent pain in the left side of the abdo- 
men which developed 2 days before hospitaliza- 
tion. The bowel movements were normal each 
day. Three hours before admission he suddenly 
doubled up with left lower quadrant pain so 
severe that he cried out. There was no vomit- 


ing. 
Physical findings were normal excepting 
moderate distention of the abdomen with 





FIG. 


จ. Roentgenogram of an infant showing the 
adult type pattern of dilated sigmoid and "snake 
head" deformity at the obstructed rectosigrioid 
junction, It is the only example we have seen of 
the adult picture of sigmoid volvulus tn an infant. 
[tis an old roentgenogram from our files for which 
we have no history. 


voluntary muscle spasm on the left side. Re- 
bound tenderness was not elicited and no masses 
were felt. Normal bowel sounds were heard. 
Rectal examination revealed marked tender- 
ness with a possible mass at finger tip level. 

Laboratory findings were normal. Barium 
enema study showed that the sigmoid was 
narrowed and partially obstructed, in a pattern 
characteristic of sigmoid volvulus. 

The abdomen was explored soon afterward. 
‘There were peritoneal bands across the sigmoid. 
There was no volvulus, but the sigmoid was 
edematous and the surgeon thought that its 
blood supply had been compromised recently. 


Case vi. J. M., an 11 year old boy, began to 
have pain in the left flank and left ace quad- 
rant 2 hours before admission to the hospital. 
He vomited twice. On the day of admission, he 
had had no bowel movements but before tins. 
his stools had been normal. He had undergone 
no previous surgery but had recovered from 
hepatitis a vear before admission. 
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He appeared acutely ill. Positive findings 
were limited to the abdomen which was flat, 
shghtly tense, and generally tender. Marked 
tenderness was noted over the left flank and 
left lower quadrant. A questionable ovoid mass 
was felt in the left. Ed quadrant. Bowel 
sounds were normal. À rectal examination was 
unsatisfactory because of fecal matter in the 
rectum. 

Laboratory findings were normal excepting 
slight leukocytosis of 10,800 with a differential 
of 84 per cert polymorphonuclears, 11 per cent 
lymphocytes and § per cent monocytes. 
Urinalysis was normal excepting 6 to 8 white 
blood cells per high power field on microscopic 
examination. 

Plain roentgenograms of the abdomen showed 
fecal material in the rectum and sigmoid colon. 
No mass was visible. One short loop of bowel-- 


apparently sigmoid-—contained gas. A barium 
enema study, under fluoroscopic control, 


showed obstruction to the flow of barium in the 
proximal sigmoid where a typical "snake head" 
deformity was seen. Complete reduction of the 
volvulus was not accomplished. The patient 
evacuated the enema, felt relief of the pain, and 
was re-examined usroseen cally: This time 
there was no obstruction to the flow of barium 
and the entire colon was outlined and felt to be 
normal except for mild redundancy of the sig- 
moid. 

The patient's course was uneventful. He was 
kept for observation 24 hours, fed a clear liquid 
diet, and discharged asymptomatic the follow- 
ing day. 


ROENTGEN FINDINGS 


The roertgen findings are similar in all 
cases. À nondiagnostic gas pattern which 
may incluce several loops of small bowel 
is demonstrated on the scout roentgeno- 
gram. The large single sigmoid loop, SO 
characteristic of the adult patients is us- 
ually not seen (Fig. 3). Barium enema 
studies show a constant flow of the barium 
through the rectosigmoid junction. The 
sigmoid loop fills without difficulty and 
usually contains no feces. It may be re- 
dundant but this is not necessarily sig- 
nificant since a long sigmoid is common in 
normal chidren. The head of the barium 
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column stops abruptly at the upper end of 
the sigmoid loop where it tapers to a 
twisted point (similar to the "snake head" 
configuration seen in adults at the lower 
end of the loop). The head of the column 
will often remain at this level for several 
minutes; this is more prolonged than the 
normal temporary delay which often occurs 
at this level. In one instance the actual 
untwisting of the volvulus was visible 
fluoroscopically. In the others after the 
delay there was a sudden rush of barium 
into the more proximal part of the colon. 
In each case the patients' symptoms dis- 
appeared immediately after the head of 
the column passed above the sigmoid. 


SUMMARY 


Six cases of volvulus of the sigmoid in 
children are reported. All were males be- 
tween the ages of 3 and 11 years. All had 
acute abdominal pain. They were thought 
to have intussusception clinically. In each 
case the volvulus was reduced easily by 
retrograde hydrostatic pressure and the pa- 
tient had no further symptoms. Two of the 
6 patients were explored after hydrostatic 
reduction and the sigmoid loops appeared 
edematous. The roentgenographic findings 
of sigmoid volvulus in these children dif- 
fered from those reported in adults. The 
cardinal finding was a twisted narrowing of 
the proximal sigmoid which straightened 
out after hydrostatic pressure was applied. 
This was followed by filling of the more 
proximal bowel. The gas-filled sigmoid 
loop and the “snake head” deformity 
caused by the obstruction at the distal end 
of the sigmoid loop, which are character- 
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istic in the adult, were not demonstrated 
in these patients. 


R. Parker Allen, M.D. 

The Children’s Hospital 
Nineteenth Avenue at Downing 
Denver 18, Colorado 
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PLASMA VOLUME* 


Ry P. D. HARRIS, E. B. D. NEUHAUSER, aad R. GERTH 


BOSTON, MASSACHUSETTS 


AIATRIZOATE methylglucamine (gas- 
trografin) possesses manv qualities of 
an ideal medium for visualization of the 
gastrointestinal tract.^? However, recent 
clinical experience indicates that infants 
undergoing investigation with this material 
may succumb to a severe state of hvpo- 
volemia.? This observation stimulated our 
investigation of the physicochemical prop- 
erties of this substance. 


MATERIALS AND METHODS 


In a preliminary study, 9 mongrel dogs 
weighing 10 to 12 kg. were anesthetized 
with intravenous nembutal and baseline 
plasma volumes were determined by use ot 
the Volumetron* and radioactive iodinated 
serum albumin. The g dogs were subdivided 
into 3 groups for investigation; a control 
group which was anesthetized and did not 
receive gastrografin, a second group of dogs 
which was kept in a tasting state prior to 
investigation, and a third group which was 
fed subsequent to instillation of the me- 
dium. A nasogastric tube was placed into the 
stomach of each dog and in groups 2 and 3 
undiluted gastrografin, 6 cc. per kg., was 
instilled into the tube. Serial hematocrits 
and plasma volumes were measured. Fluoro- 
scopic examination commenced. with. the 
introduction of the gastrografin into the 
gastrointestinal tract. Coincident with its 
decrease in the densitv of the medium (Fig. 
1 and 2). This decrease in opacity could be 
correlated with a progressive fall in the cir- 


* Atomium Corporation, Billerica, Massachusetts. 


culating plasma volume (Fig. 3). In the 
control group, no change in plasma volume 
was noted during the 6 hours of observa- 
tion. There was no apparent difference be- 
tween the 2 other groups studied. The de- 
crease in plasma volume was sustained over 
3 to 4 hours. When expressed as a percent- 
ave loss of the total circulating volume, the 
figures ranged from 15 per cent to 30 per 
cent. 

The findings of a depletion in. plasma 
volume associated with the presence of 
castrografin in the intestinal lumen stimu- 





* From the Departments of Radiology and Surgery, the Children’s Hospital Medical Center, and the Harvard Medical School, 


195 1. 


‘These studies were supported in part by research grants from the National Heart Institute, the American Heart Association, and 
the Greater Boston Chapter of the Massachusetts Heart Association. 
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lated a second investigation to determine 
what, if any, relationship existed between 
the osmotic activity of gastrografin and the 
exchange of fluid between the vascular com- 
partment and the intestinal lumen. Osmo- 
lar activities were measured bv the method 
of freezing point depression, using a Fiske 
Osmometer. In this investigation, 3 groups 
ot dogs were used and in each group 4 ani- 
mals were studied. In Group 1, the animals 
ranged from 4 to 7 kg.; in Group 11, from 10 
to 15 kg.; and in Group 111, from 22 to 25 
kg. In each group, closed isolated ileal loops 
with intact vascular pedicles were estab- 
lished. Using this tvpe of preparation, it 
was possible to instill anv medium into the 
lumen of the closedloop by means of apurse- 
string suture and needle, and the studies 
could then be commenced on the loop fluid 
in a dynamic state, when a continuous ex- 
change was taking place within the capil- 





Fic. 2. The opacity is decreased as the medium 
passes through the small intestine. 
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Fic. 3. Gastrografin study. A sustained fall in circu- 


lating plasma volume was noted in all groups 
studied. 


lary walls and vascular bed of the intact 
pedicle. 

Fighteen cubic centimeters of gastro- 
grafin was instilled into each loop and the 
serum plasma volumes and the osmolarities 
of the loop fluid were measured over the 
next 2 hours. Grossly, one could see that the 
loop during this elapsed time became turgid 
and swollen with diminution in the peristal- 
sis (Fig. 4 and 5). After 2 hours, the loop 
became so tense that the pulsations in the 
small vessels were completely obliterated 
and the circulation was partially com- 


RESULTS 


Gastrografin has an osmolarizv of 1,900 
milliosmols per liter (approximately 6 times 
that of normal serum). Samples of fluid 
were withdrawn from the loop at 15 minute 
intervals over a 2 hour period. There was a 
progressive decrease in the osmolarity of 
this fluid, as the volume of the duid in the 
loop increased (Fig. 7). The estimated and 
calculated loop osmolarities for any given 
dog could be compared and were found to 
be within 3 per cent (Table 1). These meas- 
urements formed the groundwork for de- 
termining the effect of osmotic changes on 
circulating plasma volume. The dogs in 
Group 1 weighed 5 to 7 kg., in Group 11 10 
to 15 kg., and in Group 111 20 to 25 kg. Gas- 
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Fic. 4. The isolated ileal loop immediately after 
instillation of 18 cc. of gastrografin. 


trografin was instilled into each loop and 
specimens were withdrawn from the loop. 
The volume of fluid which accumulated in 
the loop was measured and compared with 
the amount of fluid lost from the circulating 
plasma volume or the plasma deficit. 

In the large and medium sized animals, 
there was a progressive increase in the loop 
fluid which paralleled the decrease in circu- 
lating plasma volume. These dogs showed 
no clinical signs of shock. 

In the small animals, where the average 
weight was only 6 kg., there was twice as 
much plasma lost from the circulating vol- 
ume as could be accounted for in the vol- 
ume of fluid transferred into the loop. These 
animals were in shock with rapid pulses and 
depressed blood pressures (Fig. 8). The dis- 
crepancy between the loop volume and 





Fic. 5. Fifteen minutes after the gastrografin 
instillation, 
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lic. 6. The loop is tense with decreased capillary 


pulsations 2 
grafin. 


hours after instillation of gastro- 


plasma deficit in the small animals repre- 
sented plasma lost or pooled in other areas 
of the gastrointestinal tract. This is a well 
established finding in hy povolemic or endo- 
toxic shock. 

The volume of fluid transferred into the 
loop after 2 hours of perfusion was found to 
be essentially the same for all of the ani- 
mals studied, regardless of the size. 
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lic. 7. The osmotic effect of gastrografin on the 


circulating plasma volume. After 2 hours of loop 
perfusion, the .osmolarity of the fluid has de- 
creased to 600 milliosmols. 
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13 kg. dog with a closed ileal loop 

Gastrografin instilled 

Loop fluid withdrawn after 30 minutes 

Net volume of fluid transferred into 
loop 


24 cc. 
§2 cc. 


28 cc. 
24 
52 
: 2 
Estimated loop osmolarity 1 900X 2 = 900 mosm./]. 


Dilution ratio 


Calculated loop osmolarity 930 mosm./l. 


DISCUSSION 


Gastrografin, because of its relatively 
high osmolarity, presents itself to the 
capillary membrane of the bowel wall as an 
osmotic force. The capillary wall acts as a 
semipermeable membrane allowing passage 
of fluid across into the bowel lumen to bal- 
ance or neutralize the osmotic gradient ex- 
erted by gastrografin (Fig. 5). 

Since the amount of fluid transferred 
across any semipermeable membrane is de- 


900 
800 Wl initia! Plosma Volume 

WEI Decrease in Plasma Volume 
TOO 


Ez3 Fluid Lost into Isolated Loop 


CUBIC CENTIMETERS 





เฮ อ ๒ ง 
Control 
isotonic 
Saline in Loop 
No Gastrografin 


Fig. 8. The effect of gastrografin on the circulating 
plasma volume. The amount of fluid lost into the 
loops is independent of the size of the animal. 
The decrease in circulating plasma volume, how- 
ever, depends on the initial circulating plasma 
volume. There was no change in circulating plasma 
volume when saline was instilled into the loop as 
a control, 
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pendent upon (1) the surface area of the 
membrane, (2) the osmotic gradient, and 
(3) the time of surface contact, the reduc- 
tion in circulating plasma or that portion 
lost into the bowel would depend upon (1) 
the level of obstruction, (2) the type and 
degree of obstruction (mechanical or para- 
lytic), and (3) the amount of gastrografin 
ingested. 

Thus, the apparent clinical effects of the 
instillation of gastrografin into the gastro- 
intestinal tract are also related to the 
weight of the subject, and, therefore, the 
initial circulating plasma volume. The 
plasma volume may be severely altered by 
malnutrition and chronic disease states, 
thus indicating that weight alone is not the 
sole factor to be considered before using 
gastrografin. . 


SUMMARY 


1. Gastrografin possesses a high osmolar 
activity which is capable of exerting a defin- 
itive force upon the circulating plasma 
volume (Fig. 9). 


i © ๑ © 
—12 9960 
i o9 o 
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| 99 
i Op? 
ก, © @ 
— 
CAPILLARY BOWEL 
WALL LUMEN 


CAPILLARY TRANSFER 
THRU INTESTINAL WALL 


Fic. 9. Osmotic gradients produced by gastro- 
grafin. Gastrografin exerts a definitive osmotic 
force upon the contents of the vascular bed and 

. draws fluid into the bowel lumen. 
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2. This force expressed as an osmotic 
gradient extracts a given quantity of fluid 
from the vascular compartment. 

3. The volume of fluid transferred de- 
pends upon the length of time the medium 
is in contact with the bowel wall and the 
amount of gastrografin used. 

4. The clinical effects seem to be related 
primarily to the ratio of the volume of 
fluid lost (secondary to the gastrografin 
osmotic effect) divided by the initial circu- 
lating plasma volume. 

5. We, therefore, would expect that with 
small subjects, or those who have depressed 
circulating plasma volumes initially, the 
use of gastrografin might prove to be haz- 


P. D. Harris, E. B. D. Neuhauser and R. Gerth 


Marca, 1964 


ardous as has been borne out by several 
clinical and experimental observations. 


E. B. D. Neuhauser, M.D. 

The Children's Hospital Medical Center 
300 Longwood Avenue 

Boston 15, Massachusetts 
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HEPATOPORTAL PNEUMATOSIS WITH MESENTERIC 


VENOUS THROMBOSIS I? 
REPORT OF 


By JOSUE PAGAN-CARLO, 


T presence of gas in the intrahepatic 
portal venous system is recognizable 
on the plain roentgenogram of the abdo- 
men and represents an ominous sign of im- 
pending death. All cases of gas in the portal 
venous channels reported in the literature 
have terminated fatally. The roentgeno- 
graphic differentiation of air in the biliary 
tree from air in the portal system is impor- 
tant because there is an entirely different 
prognosis associated with each. Since Wolfe 
and Evans! in 1955 reported gas in the por- 
tal veins of 6 infants, there have been no 
other reports concerning this serious roent- 
genographic finding. 


REPORT OF A CASE 


This 12 day old white male infant did well for 
the first 9 davs of life, but then developed severe 
diarrhea and vomiting. He was admitted to the 
hospital 48 hours following the onset of symp- 
toms with a diagnosis of gastroenteritis and 
severe dehydration. On admission the abdomen 
was soft and the bowel sounds slightly hyper- 
active. Blood and umbilical stump cultures were 
reported later as negative for pathogens includ- 
ing gas-forming organisms. À program of re- 
hydration was begun, but the infant developed 
a severely distended abdomen, and appeared 
acutely ill. 


ROENTGEN FINDINGS 

Roentgenographic examination of the abdo- 
men revealed multiple severely distended loops 
of bowel, with fluid levels in the erect position 
and free air under the left side of the diaphragm 
(Fig. 1). A branching pattern of gas was demon- 
strable in the liver suggesting the presence of 
gas in the portal venous channels, extending 
into the hepatic veins, and inferior vena cava 


(Fig. 2). 
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lic. n 
distended loops of bowel with fluid levels and free 


Roentgenogram showing multiple severely 


air under the left side of the diaphragm. 


OPERATIVE FINDINGS 


_ The Dune was explored A eae was 


gangrenous 2 0 พ ว ท a s] igmoid. The 
mesenteric veins appeared like thick black cords 
indicating a venous thrombosis. As the mesen- 
tery was excised to resect the gangrenous loop 
of bowel, there was a teeling of c repitation sug- 
gesting the presence of air in the mesentery and 
blood vessels. The gangrenous loop was removed 
and a colostomy performed. The patient went 
into shock in the immediate postoperative 
period and expired 48 hours after admission. 


NECROPSY FINDINGS 


At autopsy the gangrenous process appeared 
to extend through the remaining colon and 


* From the Department of Radiology, Touro Infirmary, New Orleans, Louisiana. 
T This paper reflects the author's personal views and is not to be construed as a statement of official Air Force policy. 


699 


700 





Roentgenogram showing a branching pattern 
of gas in the liver. 


Fic. 2. 


terminal feum. There was a recent mesenteric 
venous thrombosis. Gas erupted from the sur- 
face of the liver as it was cut. No biliary fistula 
was demonstrated. Cultures of the liver were 


negative » for pathogens including gas-forming 
organisms. The final anatomic diagnosis was 


thrombosis of the mesenteric vein, secondary to 
severe dehydration. Microscopic examination 
of the liver revealed prominent congestion and 
mild intrahepatic cholangitis. 


DISCUSSION 


The presence of gas in the portal venous 
system can be readily differentiated from 
gas in the biliary tree after a careful ob- 
servation of the gas patterns within the 
hepatic shadow. Sisk? established the roent- 
genographic crtieria that when the gas 
shadows extend in a branching pattern 
within the outermost 2 cm. of the hepatic 
margin, gas in the portal venous system 1s 
the presumptive diagnosis. It appears that 
gas in the portal venous channels of the 
liver appears to move cephalad with the 
blood flow,’ while gas in the biliary tree ap- 
pears to move c caudally vm as i er pie 
verging ino e main ' bile "m and 
sometimes outlining the gallblad der, de- 
pending on the location of the biliary fis- 
tula. 

Several hvpotheses have been advanced 
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to explain the manner in which the gas en- 
ters the portal veins, of which two merit 
mentioning. The first, suggests that gas. 
under increased tension within the lumen of 
the bowel, the wall of which has been al- 
tered by impaired circulation due to severe 
dilatation or thrombosis, will move into the 
mesenteric veins and into the portal venous 
system. It is interesting to note that in all 
the reported infants there was a rather 
severe dilatation of the loops of bowel.” 
The second hypothesis suggests that the air 
or gas present in the venous radicles of the 
liver and mesentery may be due to a hema- 
togenous dissemination and growth of gas- 
forming organisms. In all the cases re- 
ported bv Wolfe and Evans,’ positive blood 
cultures for Æ. coli were obtained. 

Susman and Senturia® comment on the 
fact that all cases of gas in the portal ve- 
nous system in adults were associated with 
mesenteric thrombosis. Alteration in the 
intestinal wall permeability due to vascular 
impairment may very well be the one im- 
portant factor in allowing passage of intra- 
luminal gas into the mesenteric veins. It 
has been demorstrated in the dog that as 
few as ร cc. of air injected into the mesen- 
teric vein are sufficient to outline the portal 
system of the lert lobe of the liver. 

It may also be noted that out of 15 cases 
including the case presently reported, 
were infants. In all the cases there was a 
history either of severe diarrhea and/or 
vomiting, and abdominal distention. It may 
be reasonable to assume that the develop- 
ment of thrombosis involving the mesen- 
teric vessels may be in some way related to 
the severe dehydration and hemoconcen- 
tration as a result of vomiting and/or diar- 
rhea in these infants. 


SUMMARY 


Another case cf gas in the portal venous 
svstem in infancy terminating fatally is 
presented. Differentiation of hepatoportal 
pneumatosis and gas in the biliary tree is 
possible; it is important from the clinical 
point of view and it can be established 
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roentgenographically, although the former 
carries a rather hopeless prognosis. 

Josue Pagan-Carlo, M.D. 

Touro Infirmary 


3516 Prytania 
New Orleans 15, Louisiana 


The authors wish to thank Mrs. Elaine 
Christensen for her assistance in the prepara- 
tion of this article for publication, 
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ANTENATAL ROENTGEN DIAGNOSIS OF 
INTRAPARTUM FETAL INFECTION 
IN PROLONGED LABOR* 


By EUNG HO KIM, M.D. 


SEOUL, KOREA 


N 1943, Douglas and Stander? described 

intrapartum infection following pro- 
longed labor. They noted, on roentgeno- 
grams made shortly after the stillbirth, gas 
shadows in the intestine, lung, heart and 
great vessels of the infants. Davidson! also 
described a case of puerperal sepsis with 
roentgen manifestation of gas in the uterus 
and fetus. The occurrence of free gas in the 
vascular system of the fetus, in the peri- 
toneal cavity or in the skull has been de- 
scribed by several authors as a sign of the 
intrauterine fetal death. ***? Recently, 
we observed gas in the chest, intestine and 
free peritoneal cavity of a fetus on an an- 
teroposterior roentgenogram of the abdo- 
men during pelvimetry studies. The pur- 
pose of this communication is to present a 
case in which an antenatal diagnosis of in- 
trapartum infection was made. Gas shad- 
ows were demonstrated in the fetus and 
uterus following prolonged labor. 


REPORT OF A CASE 


The patient, a 27 year old Korean married 
woman, para o, gravida I, was admitted to 
another hospital on October 19, 1962 because of 
ruptured membranes and transferred to the 
Catholic Medical Center in labor at 5:30 A.M. 
on October 21, 1962. The pregnancy had beeh 
normal and October 10, 1962 was the expected 
birth date. Abdominal examination had re- 
vealed a single fetus and a cervix dilated to 3.5 
cm. The fetal heart sounds could be heard until 
11:00 P.M. A foul vaginal discharge was noted. 
Anteroposterior roentgenograms of the abdo- 
men and pelvimetric roentgen studies were 
made on the following morning and showed a 
single fetus in cephalic presentation as well as 
gas shadows in the uterus, chest, intestine and 
free peritoneal cavity of the fetus (Fig. 1). A 
diagnosis of intrapartum fetal infection and 


fetal death was made. The patient's tempera- 
ture rose to 99.5^F. and the vaginal discharge 
continued. A dead fetus was delivered on Octo- 
ber 22 at 7:00 P.M. by the use of low forceps and 
an episiotomy after 96 hours of labor. Consider- 
able extension of the episiotomy was required 
for the delivery of the large distended fetal 
abdomen. The stillborn infant weighted 3,450 
gm. and the skull appeared to be macerated. 
The patient's temperature lasted for 2 days 
after delivery. She was treated with antibiotics 
and was discharged on October 28, 1962 in good 
condition. 


DISCUSSION 


Holm! stated that free gas in the fetus is 
the most common and the most important 
sign of intrauterine fetal death; however, 
there is some controversy as to the cause 
of gas formation in the fetus. Decomposi- 
tion of certain blood elements,! gas embo- 
lism* and septicemia of gas forming organ- 
isms transferred from the blood of mother 
via the placental barrier to the fetus‘ have 
all been mentioned as possible causes. In 
1957, Holm? reported that the factor re- 
sponsible for the free gas in the fetus was 
due to the difference between the amount of 
chemically combined gas which was liber- 
ated when decomposition of the hemo- 
globin occurred during maceration and the 
comparatively small amount of gas which 
could be physically absorbed by the blood 
serum. Douglas and Stander? found fetal 
bacteremia in 85 stillborn infants, most of 
whom were born when there was intrapar- 
tum infection and following prolonged la- 
bor. The severity increased with the dura- 
tion of labor. In their 2 cases, 1 was de- 
livered following 105 hours of labor. The 
membranes had ruptured prematurely and 
the fetal heart sounds stopped 24 hours be- 


* From the Department of Radiology, Catholic Medical Center, Catholic Medical College, Seoul, Korea. 
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fore delivery. In the other the delivery was 
spontaneous following 65 hours labor. The 
membranes in this case had also ruptured 
prematurely. In both, gas was demonstrated 
in the tetal intestines and lung or heart and 
great vessels. Davidson! described a case of 
prolonged labor with premature rupture of 
membranes in which gas shadows were 
noted in the uterus and fetus. Our case, 
delivered by forceps following g4 hours ot 
labor and after the membranes had rup- 
tured, showed gas in the uterus and fetal 
chest, intestine, free peritoneal cavitv and 
biliary tree (Fig. 2). The origin of intrapar- 
tum infection is stated for the most part to 
be autogenous from the genital tract and 
carried to the fetus bv various routes.? It is 
understandable that the rapidity with 
which intrapartum infection. develops in 
the fetus is greatly enhanced by the earlv 





luc. 1. Anteroposterior roentgenogram showing the 
single fetus in cephalic presentation and the gas 
shadows in the fetal intestine and chest and in 
the uterus, 


Intrapartum Fetal Infection 
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Fic. 2. Roentgenogram, taken immediately after the 
delivery, showing the gas shadows in the intestine, 
free peritoneal cavity, biliary tree and lung of the 
stillborn infant. 


rupture of the membranes. Anaerobic 
streptococcus has been reported as the 
most common organism found in these still- 
born infants.'? This was true in the pre- 
sently reported case. This anaerobic strep- 
tococcus (nonhemolytic) appears most 
likely of the normally present organisms 
found in the vagina to cause suppuration in 
traumatized tissues with resultant produc- 
tion of gas. We feel that gas in the chest 
and intestine of a fetus in prolonged labor is 
a sign of intrapartum fetal infection, es- 
pecially where the membranes have rup- 
tured prematurely, and the presence of gas 
in a newborn infant is not a pathognomonic 
sign of postnatal breathing. 


SUMMARY 


A case of intrapartum fetal infection due 
to anaerobic streptococcus is reported in 
which an antenatal diagnosis was made bv 
the roentgenographic demonstration of gas 
in the uterus and fetus. 
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SOCIETY FOR PEDIATRIC RADIOLOGY 


T: articles in this issue of the Jour- 
NAL are devoted to the radiologic study 
of the diseases of infants and children, and 
reflect the growing interest in pediatric 
radiology which has taken place during the 
past decade. A relatively few years ago in 
the brief evolution of radiology the idea of a 
radiologist limiting his practice to the pedi- 
atric age group would have been inconceiv- 
able. However, as both pediatrics and 
radiology became firmly established as vital 
specialties in the practice of medicine, the 
importance of utilizing radiologic pro- 
cedures in the diagnosis of pediatric ill- 
nesses became increasingly apparent. This 
application was not as successful in the 
study of infants and children as in the older 
patient because of the necessity for rapid 
exposure times. Consequently, there re- 
sulted some delay in the correlation of 
many pediatric diseases and their roent- 
genographic manifestations. With time, 
improvement of X-ray equipment capable 
of short exposures gradually made it 
equally easy to study the infant and the 
adult. Interestingly, the difficulty of ob- 
taining satisfactory quality roentgeno- 
grams in infants remains "like old wives’ 
tales" to discourage many radiologists from 
accepting pediatric patients. 

Pediatric radiology was conceived by the 
union of pediatrics and radiology, which 
just a short time ago were themselves in 
their infancy. It has been nourished, at 
times even coddled, and developed by a rel- 
atively few radiologists and pediatricians 
who recognized the importance of com- 
bining pediatrics and radiology into one 
group. The maturation of pediatric radiol- 
ogy into a distinct medical specialty has 
resulted from the establishment and de- 
velopment of pediatric hospitals, these 


institutions requiring specialized radiologic 


‘opinions which could be obtained only 


from those physicians having a knowledge 
of both pediatrics and radiology. The ma- 
turity of pediatric radiology as a significant 
specialty, embodying the general principles 
of radiology but with special attention to 
pediatrics, was acknowledged in 1958 by 
the formation cf the Society for Pediatric 
Radiology. 

The history of pediatric roentgenology in 
the United States from 1896 to 1956 has 
been vividly described by Dr. John Caffey 
in this JOURNAL in 1956 (76, 437). One has 
only to read this article and review the sig- 
nificant contributions which had been 
made up to that time by a rather small 
number of radiologists to realize that the 
following years have been extremely pro- 
lific in advancing both diagnostic and 
therapeutic pediatric radiology. 

Through the organizational efforts of 
these few radiologists whose major interest 
was in the field of pediatric radiology, a 
meeting was held in 1958 in Washington, 
D. C., at which time the Society for Pedi- 
atric Radiology was founded. Dr. John 
Caffey was made an honorary counselor 
and Dr. Edward Neuhauser was elected 
the first president. There were approxi- 
mately 35 individuals attending this meet- 
ing and soon thereafter a membership list 
was composed under the rules of the Con- 
stitution and By-laws listing 52 members. 
The purpose of the Society, as determined 
at the original meeting “is devoted to the 
problems associated with the practice of 
pediatric radiology" and to aid in the “ed- 
ucation of members or others interested in 
these problems.” It was decided that mem- 
bership would be limited to those whose 
principal interest is in, or related to, the 
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practice of pediatric radiologv. Approxi- 
mately 100 radiologists are now members 
of this Society. 

Each subsequent meeting was greeted by 


renewed enthusiasm and bv the addition of 


new members, but concomitant with this 
there developed, through necessitv, a more 
official format. However, an informal at- 
mosphere of “spirited debate" prevails and 
provides for interesting discussions of the 
scientific subjects which are presented. Sub- 
sequent meetings were held in Cincinnati 
in 19 9, Atlantic City in 1960, Miami 
Beach in 1961, Washington, D. C. in 1962, 
and in Montreal, Canada In 1963. The 
next meeting will be held in Minneapolis, 
Minnesota this year. The respective presi- 
dents at these meetings were Dr. Fred 
Silverman (Children’s Hospital, Cincin- 
nati), Dr. John Holt (University of Michi- 
gan Hospital, Ann Arbor), Dr. Arthur 
Tucker (Babies and Children’s Hospital, 
Cleveland, Ohio), Dr. John Hope (Chil- 
dren’s Hoal Philadelphia), Dr. Parker 

Allen (Children’s Hospital, Denver), and 
Dr. Edward Singleton (Texas Children’s 
Hospital, Houston). Dr. Richard Lester 
(Medical College of Virginia) served 
secretary-treasurer from 1958 to 1962 at 
which time Dr. John L. Gwinn (Children’s 
Hospital, Los Angel es) was elected to the 
position. Each meeting has been held on 
the Monday prior to the meeting of the 
American Roentgen Ray Society. This 
organization has been extremely hospitable 
and considerate in providing the facilities 
necessary for a meeting of radiologists, and 
the Society for Pediatric Radiology is 
grateful for its assistance. 

The subject material at each of the 
meetings has been varied, both from a diag- 
nostic and therapeutic aspect, covering a 
multitude of pediatric illnesses affecting 
the central nervous svstem, respiratory 
system, cardiovascular svstem, alimentary 
tract, gastrointestinal tract anomalies, the 
urinary tract and the skeletal svstem. 
Particular emphasis has been given to the 
evaluation of the lower urinary tract in in- 
fants and children, especially relating to 
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vesicoureteral reflux. In reviewing the pre- 
vious programs, it is also obvious that the 
skeletal dvsplasias have been considered 
in detail not onlv in regard to etiologic 
speculations but also regarding the natural 
pathogenesis and inter -relationship of some 
of these anomalies. Congenital cardiac 
abnormalities, as well as neonatal pulmo- 
nary diseases, เว also Inde D a sipo. 


e these SES T Meer mam able 
attention in the pediatric literature and 
parallels the interest shown by pediatric 
radiologists. In the future vears, many of 
the perplexing neonatal pulmonary condi- 
tions, particularly hyaline membrane dis- 
ease, as well as the enigma of bone dys- 
plasias, the significance of vesicoureteral 
reflux in the pediatric patient and a clearer 
understanding of chromosomal defects may 
well be more clearly understood as the 
result of the interest in these subjects bv 
this group of radiologists. 

In 1962 at the meeting in Washington, 


D. C., the Executive Committee of the 
Society for Pediatric Radiology was ap- 


proached by Dr. LeFebvre and his asso- 
ciates, Dr. Sauvegrain and Dr. Faure of 
Paris, regarding the possibility of establish- 
ing an International Society for Pediatric 
Radiology. Their idea was enthusiastically 
accepted, and, through the exhaustive 
efforts of the Penn pediatric radiologists, 
the First International Reunion of Pedi- 
atric Radiologists was held in Paris, in May 
1963. 

Because of the rapid strides in the field 
of Pediatric Radiology and because of the 
number of enthusiastic, energetic and com- 
petent young physicians interested in this 
held, the future of this specialty is exciting 
and one may anticipate many beneficial 
results to the sick infant and child through 
both diagnostic and therapeutic radiology. 


Epwanp B. SINGLETON, M.D. 


Director, Department of Radiology 


Texas Children’s Hospital 


Houston, Texas 
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IN MEMORIAM 
ARTHUR U. DESJARDINS 
1884-1964 


De ARTHUR U. DESJARDINS, head 
of the Section of Therapeutic Radiol- 
ogy of the Mayo Clinic from 1920 to 1948, 
and a pioneer figure in the development of 
medical work with x-rays in the United 
States, died in the Community Hospital in 
Damariscotta, Maine, on January 15, 1964 
of the effects of coronary arterial disease. 
Dr. Desjardins retired from the Mayo 
Clinic in 1949 and moved with Mrs. Des- 
jardins to Damariscotta, near Walpole. 

Dr. Desjardins was born in Waterville, 
Maine, on May 6, 1884, the son of Sarah 
Marie Mercier Desjardins and Samuel Des- 
jardins. He studied at Montreal College 
from 1898 to 1900 and Saint Joseph's Col- 
lege in Three Rivers, Canada, in 1900 and 
1901. In 1912 he received the degree of 
Doctor of medicine from the University of 
Pennsylvania; in 1913 and 1914 he was in 
charge of the Fairfield Tuberculosis Sana- 
torium in Fairfield, Maine. 

In 1914 Dr. Desjardins went to France, 
where he was associated with the American 
Hospital in Paris. He also was assistant 
surgeon to American Ambulance in Paris. 
In 1915 and 1916 he was first assitant sur- 
geon to Dr. Joseph Blake at a military hos- 
pital in Ris Orangis, France. 
yf On February 1, 1917, Dr. Desjardins was 
appointed a fellow in surgery in the Mayo 
Foundation, but he had been commissioned 
a captain in the Medical Reserve Corps of 
the Army in June of that year, and was 
ordered to active duty in August. He served 
as pathologist to various medical units in 
France, and was commanding officer of the 
Third Army Laboratory in Coblenz, Ger- 
many, in 1919. He was released to civilian 
life in July, 1919, with the grade of major. 
He continued his military interests in the 


Officers Reserve Corps, in which he at- 
tained the grade of colonel in 1935. 

Dr. Desjardins resumed his fellowship at 
the Mayo Foundation on January 1, 1920, 
but changed his major sequence to roent- 
genology. In the summer of that year, he 
studied radiologic physics at the University 
of Cambridge, England, and in October of 
that year he was made head of the Section 
of Therapeutic Radiology of the Mayo 
Clinic, a post he held until July 1, 1948, 
when he became a senior consultant. He re- 
tired from active practice at the Mayo 
Clinic on October 1, 1949. 

Dr. Desjardins received the degree of 
master of science in radiology from the 
University of Minnesota in 1924. A year 
later he was appointed an instructor in 
radiology in the Mayo Foundation, Gradu- 
ate School, University of Minnesota, and 
he was advanced to assistant professor in 
1928, associate professor in 1933 and pro- 
fessor in 1936. In 1934 he was certified as a 
radiologist by the American Board of 
Radiology. 

Dr. Desjardins, at the beginning of his 
career, was interested chiefly in surgery; 
shortly after he returned from service in 
World War I, he changed his major inter- 
est to therapeutic radiology, and in this 
field he achieved nation-wide recognition as 
an authority. He contributed more than 
100 papers to the medical literature, some 
of them in French, which he spoke and 
wrote fluently. He was a member of the 
Council on Physical Medicine of the Ameri- 
can Medical Association for a number of 
years, and he also was a member of the 
Council on Industrial Health of that asso- 
ciation. In 1939 he served as a consultant 
to the Federal Communications Commis- 
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sion on the problem of radio interference. 
He was recognized as being exceptionally 
proficient in photography, and was an 
early worker in color photography. His 
photographs received widespread attention 
and admiration. 

Dr. Desjardins was a fellow of the Ameri- 
can College of Physicians and a member of 
the Southern Minnesota Medical Associa- 
tion, the Clinical Congress of Internal 
Medicine, the Radiological Society of 
North America, the American Medical 
Association, the American Roentgen Ray 
Society, the American Radium Society, 
the Alumni Association of the Mayo Foun- 
dation and the Society of the Sigma Xi. 
He was an honorary member of the Roent- 
gen Society of England. In 1950 the Uni- 
versity of Minnesota conferred upon him a 
certificate of merit in appreciation of his 
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long tenure of service to the university as 
a member of the faculty. 

After he moved to Damariscotta in 1949, 
Dr. Desjardins became a consultant in 
radiology to its Community Hospital, and 
was a prime force in efforts to raise funds 
for the purchase of x-ray equipment for the 
hospital. He took an active part in civic 
affairs in both Damariscotta and Walpole. 

Dr. Desjardins was married to Miss 
Marie Laure Jeanne d'Argy on January 30, 
1913. She died on September 14, 1924. On 
April 10, 1926, he was married to Miss 
Helen Beatrice Hardy, of Rochester. Dr. 
and Mrs. Desjardins had three children: 
Adrienne Aymard (Mrs. Edward Acker- 
man, of Washington, D. C., currently liv- 
ing in Switzerland); Paul Arnault of New 
York City; and Vincent (deceased). 

James Ecxman, M.D. 


LA PRENSA MEDICA ARGENTINA 
La Prensa Médica Argentina, considered 
the most important Journal of Medicine in 
South America, celebrates in 1964 the 
Fiftieth Anniversarv of its foundation. 
The American Journal of Roentgenologv, 
OME Ther um and 0 ur Medicine, 





ย ee ต เทา น A to tic 
Prensa méd. have ap pearec 1 for many years, 
extends its most sincere congratulations 
and verv best wishes on this festive occa- 
sion. 


TWENTY.FIFTH ANNUAL CONGRESS 
OF THE BRITISH INSTITUTE 
OF RADIOLOGY 

The Twenty-fifth Annual Congress and 
Exhibition The British Bm of 
Radiologv will be held April 22-24, 1964 
at the Central Hall & Church House West- 
minster, London, England. 

An จ Scientific Program has 
been arranged. T he topics to be presented 
are in the format of symposia and they 
include the following subjects: April 22nd 

-The blood Supply of Tumors; April 
70 a Results of 
Mi ae apy; Dos ] n R 0 
F Eu TIE in Radiation Re 
search: Radiology of Iatrogenic Lesions; 
and The New Code of Practice for Radiol- 
ogy. 

The Silvanus Thompson Memorial Lec- 
ture will be delivered on April 22, 6:00 
P.M., by Dr. M. F. Perutz, C.B.E., F.R.S. 
Its title is X-Ray Analvsis of Proteins. 

The Scientific Exhibition will consist of 
instruments, models, diagrams, charts and 
films illustrating work in the fields of 
Radiodiagnosis, Radiotherapy, Radiobiol- 
ogy and Physics. 

The Council of the Institute cordially 
invites radiologists from overseas to attend 
this meeting. Fur further information, 
registration forms and details of hotel ac- 
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commodations please write to R. D. Hoare, 


MB., BS, DMRD., Honorary Medical 
Secretary of the Institute, 32 Welbeck 
Street, London, W.1., England. 


Views CONG RES DES MEDECINS 
ELECTRO-RADIOLOGISTES DE 
CULTURE LATINE 

The Sixth Congress of Electro-radiologic 
e sicians of L atin 0 will be aid in 


p ท peus ot Tibe i: Pa ee 
The topics to be discussed include: (1) 
Section af Diagnosis: lymphography, cine- 

aale of stomach, radiology of organs 

of the small pelvis and retrogastric region. 

(2) Section of Radiobiology : factors of radio- 

sensitivity and radioresistance. (3) Section 

of Radiotherapy: association of radiother- 
apy and chemotherapy 1 ท radioresistant 
cancers; techniques and results. Treatment 
of sarcomas of soft parts by ionizing radia- 
tions. Technical problems in connection 
with supervoltage installations. (4) Section 
of Nuclear Medicine: renal studies. by 
means of radioactive isotopes; treatment 
of hemolymphopathies with radioactive 
isotopes. (5) Section of Electrology : involve- 
ment of the motor neurons in cervico- 
arthrotic radiculo-myelopathies. (6) Pro- 

o ก IONS the status of radiol- 
"for further m s contact 

Dr. P. De Plaen, 256, Chaussée de Wavre, 

Heverle-Louvain, Belgium. 


SPRING CONFERENCE OF THE 
NEW YORK ROENTGEN SOCIETY 
The Spring Conference of the New York 
Roentgen Society (formerly The Eastern 
Conference of Radiologists) will be held 
April 23-25, 1964, at the Waldorf-Astoria 
Hotel, New York City. 
The highlights of the Scientific Program, 
under the direction of Dr. William B. oa 





man, Professor of Radiology, Columbia- 
Presbyterian Medical Center, are: (1) 
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Annual Ross Golden Lecture by Dr. Harold 
O. Peterson, Professor of Radiology, Uni- 
versity of Minnesota School of Medicine; 
(2) One Scientific Session in honor of Dr. 
Golden by a group of his former residents; 
(3) Refresher Courses under the direction 
of several leading radiologists; and (4) 
Selected papers on topics of current inter- 
est. 

The 1964 World's Fair opens on April 22, 
1964. 

The General Chairman of the Conference 
is Dr. Albert A. Dunn, The Roosevelt 
Hospital, 428 West 58th Street, New York 
19, New York. 


COURSE IN RADIOLOGY OF THE 
HEART AT INDIANA UNIVERSITY 

The Department of Radiology of Indiana 
University School of Medicine announces 
a postgraduate course in Radiology of the 
Heart to be given April 8-11, 1964, at the 
Medical Center in Indianapolis. 

The course is planned primarily for the 
general radiologist but 1s open to all physi- 
cians having an interest in this field. Pres- 
entations will consist of lectures, panel 
discussions, film interpretation conferences, 
and exhibits correlating the radiologic, 
pathologic, and physiologic aspects of vari- 
ous cardiac conditions encountered in clin- 
ical practice. 

The course will be presented by members 
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of the faculty of Indiana University School 
of Medicine and a guest faculty of dis- 
tinguished radiologists from various parts 
of the country, who are well known for 
their accomplishments in this field. 

The subjects for discussion have been 
arranged so that each day is devoted to 
one or two major subdivisions of the field, 
thus facilitating a more comprehensive 
evaluation of lesions of similar origin, as 
well as those producing similar roentgen 
findings. 

Registration forms and further informa- 
tion regarding this course may be obtained 
by writing the Director of Postgraduate 
Medical Education, Indiana University 
School of Medicine, Indianapolis 7, Indi- 


ana. 


SIXTEENTH ANNUAL FREEDMAN 
LECTURES 

Dr. Bernard S. Wolf, Chairman of the 
Department of Radiology of Mount Sinai 
Hospital and Associate Clinical Professor 
of Radiology at Columbia University, New 
York City, will present the University of 
Cincinnati Medical Center's Sixteenth An- 
nual Freedman Lectures Saturday and 
Sunday, April 4 and 5, 1964, at the Cin- 
cinnati General Hospital. 

Additional information can be obtained 
from Dr. Jay Crittenden, Department of 
Radiology, Cincinnati General Hospital, 
Cincinnati 29, Ohio. 





Marcu, 1964 


BOOK REVIEW 


Bisbee sent i review are ac mL mes pu in "m T | must "m regar "d as a "om return pu 
the courtesy of the sender. Selections will be made for review in the interest of our readers as space permits. 





Tumors or tHE Cugsr. By Thomas J. Kinsella, 
M.D., Clinical Pies of Surgery, Uni- 
versity of Minnesota; Senior. Consultant, 
Thoracic Surgery, U. S. Veteran’s Bureau 
Faculty, Fort Snelling, Minnesota. Cloth. 
Pp. 145, with many illustrations. Price, 
$9.50. Charles C Thomas, Publisher, 301-327 
East Lawrence Avenue, Springfield, TH., 1963. 


This small atlas attempts to cover the vast 
subject of chest tumors in 145 pages. The book 
is well organized into 18 chapters, each of which 
is brief but full of substance. It is readily ap- 
parent when reading the book that the author 
has had a great deal of experience in. thoracic 
surgery. There are many well reproduced illus- 
trations and a number of references for each 
subject covered. 

This book can be recommended to one who 
desires to acquire a general knowledge of tu- 
mors of the chest, but he must then resort to the 
references for more details. It is truly what the 
author intended it to be, an atlas. 

Francis S. GERBAS!, M.D., F.A.C.S. 


BOOKS RECEIVED 


Procress iN MEDICAL RADIOISOTOPE SCANNING, 
Proceedings of a Symposium at the Medical Divi- 
sion of the Oak Ridge Institute of Nuclear Stud- 
ies, October 22-26, 1962. Edited by Ralph M. 
Kaseler, M.D., Gould A. Andrews, M.D., and 
C. Craig Harris, ! M.S, with Elizabeth B. Ander- 
son, M.D., as Technical Editor, Paper. Pp. $40, 
with many E Price, $3.50. Office of 
Technical Services, U. Department of Com- 
merce, Washington, D. e 20230, 1963. 

A Srupy GUIDE ror Srupenr X-Ray TECHNICIANS. 
By Joyce Oliphant, B.Sc., R.T. (ARXT), Chief 
Instructor, School of X-Ray Technology, Depart- 
ment of Radiology, Macon Hospital, Macon, 
Georgia. Cloth. Pp. 157. Price, $5.50. Charles C 
Thomas, Publisher, Springfield, Il, 1963. 

ANNUAL Review or NUCLEAR SCIENCE. Volume 13. 
Edited by Emilio Segré, University of California; 
Associate Editors, Gerhart Friedlander, Brook- 
haven National Laboratory, and H. Pierre Noyes, 
Stanford University. Cloth. Pp. sgo, with some 
figures. Price, $8.50. Annual Reviews, Inc., 23! 
Grant Avenue, Palo Alto, Calif., 1963. 


Atomic ENERGY Cr ORoBEDIA in tHe Lire Sci- 
ences. Edited by Charles Wesley Shilling, M.D., 





D.Sc., Consultant to United States Atomic 
Energy Commission; Deputy Director, Division 
of Biology and Medicine, United States Atomic 
Energy Commission, 1955-1960; with the assist- 
ance of Miriam Teed Shilling, M.A. Prepared un- 
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formation, United States Atomic Energy Com- 
mission. Cloth. Pp. 474, with many illustrations, 
Price, $10.50. W. B. Saunders Company, Phila- 
delphia, Pa., 1964. 


A Hawpnook or Raprocraruy. By John A. Ross, 


M.A., ERCP., D.M.R.E. , Consultant Radiolo- 
gist, David Lewis Northern Hospital; Regional 
Hospital Board, Liverpool; Assistant Lecturer in 
Radiology, Liverpool University; and R. W. 
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tion. Cloth. Pp. 220, with 1og illustrations. Price, 
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W. Raven, O.B.E.(MIL.), T.D., F.R.C.S., Joint 
Lecturer in Surgery, Westminster Medical School, 
University of London; Surgeon, Westminster 
Hospital; Senior Surgeon, The Royal Marsden 
Hospital and Institute of Cancer Research, Royal 
Cancer Hospital, London; Surgeon, The t rench 
Hospital, London. Cloth. Pp. 268, with some illus- 
trations. Price, $12.00. Butterworth Inc., 7235 
Wisconsin Avenue, Washington 14, D.C., 1963. 
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Editor. Cloth. Pp, 647, with many illustrations. 
W. B. Saunders Company, Philadelphia, Pa., 1963. 


STRAHLENPATHOLOGIE DER ZELLE: BEITRAGE ZUR 


bo 


Zvro- UND HisrorATHOLOGIE DER STRAHLEN- 
WIRKUNG. Herausgegeben von Prof. Dr. med. 
Eberhard Scherer, Direktor des Röntgen- und 
Strahleninstituts der Städtischen | Krankenan- 
stalten Essen; Klinikum der Universitat Münster; 
and Priv..Doz. Dr. med. Hans-Stephan Stender, 
Oberarzt an der Strahlenklinik und -poliklinik der 
Universitat Marburg/Lahn. Cloth. Pp. 390, with 
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ROENTGEN DIAGNOSIS 
Neck AND CHEST 


Haw, Sanc Y. RUDOLPH, ARNOLD J., and 
Teno, Carno T. Pneumomediastinum in in- 
fancy. Y. Pediat., May, 1963, 62, 754—761. 
(From: Jefferson Davis Hospital, Houston 3, 
Tex.) 


Pneumomediastinum in infants is frequently asso- 
ciated with active resuscitation, obstruction of the 
respiratory tract with increased intra-alveolar pres- 
sure, or it may occur spontaneously without any 
demonstrable cause. If routine chest roentgenograms 
were taken in the neonatal period, the true in- 
cidence of the condition would probably be much 
higher than is now recognized as many of these in- 
fants are entirely asymptomatic. 

The author presents 6 cases of pneumomediasti- 
num in infants seen over a period of 10 months. Two 
cases were preceded by tracheostomy and 3 cases 
were associated with pneumothorax. Roentgeno- 
grams with line tracings are presented to demonstrate 
that the separation of the thymic shadow from the 
heart and great vessels is the most important 
roentgenologic sign of pneumomediastinum in this 
age group. The lateral projection is not forgotten and 
it is pointed out that the air may be loculated im- 
mediately posterior to the sternum. The clinical 
manifestations of respiratory difficulty and circula- 
tory embarrassment are dependent upon the extent 
of the pneumomediastinum and pneumothorax.— 
Sohn L. Gwinn, M.D. 


Jounson, Jonn R., and ZINTEL, HAROLD A. 
Pancreatic calcification and cancer of the 
pancreas. Surg., Gynec. E Obst., Nov., 1963, 
717, 585—588. (From: Surgical Service, St. 
Luke's Hospital, New York, N.Y.) 


In the past, calcification of the pancreas has been 
considered evidence of a nonmalignant pancreatic 
lesion. More recent reports have suggested a higher 
incidence of pancreatic carcinoma in persons with 
chronic pancreatitis than in the general population, 
particularly if there 1s associated calcification. 

Sixty-four patients with a confirmed diagnosis of 
chronic pancreatitis and 113 patients with a his- 
tologic diagnosis of cancer of the pancreas were 
studied. Thirty-eight per cent of the patients with 
chronic pancreatitis showed roentgenologic or sur- 
gical evidence of calcification, with alcoholism and 
gallbladder disease as the primary inciting causes. 

Not one of the 113 patients with carcinoma had a 
well documented diagnosis of chronic pancreatitis. 
Also, not one of the patients with chronic pancreatitis 
had associated carcinoma. This contrasts with a re- 
view of the English literature which shows 24 pa- 
tients with pancreatic cancer among 677 with pan- 
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creatic calcification, an incidence of 3.6 per cent. Iso- 
lated reports have placed this value as high as Io to 
20 per cent and have suggested exploratory laparot- 
omy whenever pancreatic calcification is discovered. 
In view of the present findings, this procedure is 
probably unwarranted.—David P. Corbett, M.D. 


GYNECOLOGY AND OBSTETRICS 


Ocawa, G., and Konno, A. A new method of 
outlet pelvimetry. 4m. F. Obst. & Gynec., 
July 15, 1953, 86, 706—807. (From: Depart- 
ment of Obstetrics and Gynecology, Hok- 
kaido University, School of Medicine, Hok- 
kaido, Japan.) 


The fetal head in its descent impinges on the poste- 
rior edge of the pubic arch, or on the tip of the sac- 
rum. In cases in which the pubic arch is narrow, the 
head will be pressed firmly against either the inner 
border of the narrowed pubic arch or the tip of the 
sacrum. 

These “‘touch points of the fetal head on the pubic 
arch" may be used to define the final and narrowest 
passage at the outlet. The actual available space at 
this level, as delimited by these three points, is the 
key to the prediction of the course of labor. This 
available space was designated as the true space of 
outlet and is based on a circle drawn through the 
three touch points. 

Where the subpubic angle is wide, the head will 
descend on a regular course, but when the subpubis is 
too narrow, the head will impinge on the rami of the 
narrowed angle, and as a result it will swerve back 
and downward far from the normal course. In other 
words, the head may be forced to turn and make a 
detour on the fulcrum of the impinging points on the 
descending pubic rami. 

Two roentgenograms, a lateral view and a pubic 
arch view, are obtained 1n all cases in which a con- 
tracted outlet is suspected. The lateral roentgeno- 
gram is essentially that of Thoms' view and 1s ob- 
tained by having the patient stand upright with a 
centimeter scale inserted between the thighs. The 
pubic arch roentgenogram is taken with the use of 
Treptow's technique, the patient sitting with the 
cassette beneath her and stooping forward as far as 
possible while the tube is centered over the tuberos- 
ities, at a tube-film distance of 100 cm. 

In the abstractor's opinion the method of meas- 
uring is quite fully described but seems rather 
cumbersome. The points selected to calculate the 
"true outlet space" are easily theorized and demon- 
strable on a dry skeleton. The application in an ac- 
tive first-stage-labor patient would, however, seem 
unduly difficult for the information to be gained.— 
Eugene F. McDonald, M.D. 


FAINSTAT, THEODORE. "Physiological hydro- 
ureter” of pregnancy in a four-legged animal. 
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Am. J. Obst. €3 Gynec., Oct. 15, 1963, 87, 
486—492. (From: Department of Obstetrics 
and Gynecology, Harvard Medical School, 
and the Biological Laboratories, Harvard 
University, Boston, Mass.) 


The author performed excretory urography in a 
series of rats late in pregnancy and compared the size 
of the ureters in these animals with those of a control 
series of nonpregnant rats. He found that the aver- 
age diameter of the upper third of the ureter in the 
pregnant animals was $2 per cent larger than in the 
control group. 

As there are no known obstructive factors in this 
type of quadriped in the urinary tract even late in 
pregnancy, it is concluded that this dilatation is en- 
tirely caused by physiologic hormonal changes of 
pregnancy. In mammals, where a more erect posture 
or biped gait is common, ureteral dilatation in preg- 
nancy may be partially due to obstructive factors as 
well.—Arthur E. Childe, M.D. 


Hureg, Joan A, Ayres, ROBERT D., and 
Nout, LELAND E. Vesicoureteral reflux as 
cause of pyelonephritis of pregnancy. Am. 
F. Obst. €9 Gynec., Oct. 15, 1963, 67, 478-485. 
(From: Division of Urology, University of 
California School of Medicine, San Francisco, 
and Departments of Urology and Obstetrics 
and Gynecology, Contra Costa County 
Hospital, Martinez, Calif.) 


Almost all pregnant women develop dilatation of 
the urinary collecting system from the pelvic brim 
upward, and in about 2 per cent infection of this 
static urine occurs with a severe type of pyeloneph- 
ritis, 

The relationship between pyelonephritis of preg- 
nancy and pyelonephritis of childhood is firmly 
established and it 1s recognized that women who 
enter pregnancy with such a history have a much 
greater than average chance of having their preg- 
nancy complicated by pyelonephritis. 

The accumulating evidence that pyelonephritis in 
both children and adults is caused by incompetence 
of the ureterovesical valve suggests that pyelo- 
nephritis of pregnancy may also be caused by vesi- 
coureteral reflux. There is reason to suspect that in 
pregnancy the infecting organisms gain entrance 
through the bladder and whether or not the kidneys 
become involved depends upon the competence of 
the ureterovesical valves. 

The authors studied a group of 12 pregnant pa- 
tients suffering from pyelonephritis. To avoid exces- 
sive irradiation only two roentgenograms were made, 
one with the bladder filled with contrast medium and 
the other during voiding. In spite of these limitations 
ureteral reflux was demonstrated in 5 instances. They 
also analysed a group of 23 adult women who had re- 
curring or chronic pyelonephritis with proved ure- 
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teral reflux and found that 54 per cent suffered from 
pyelonephritis of pregnancy.—frihur E. Childe, 
M.D. 


WEINEERG, ÁRTHUR, SHAPIRO, GERALD, and 
Bruyn, Dowarp F. Isotopic placentog- 
raphy: an evaluation of its accuracy and 
safety. dm. J. Obst. E Gynec., Sept. 15, 
1963, 87, 203-209. (Address: 1462 Greenport 
Road, Far Rockaway 91, N.Y.) 


The roentgenologic determination of the placental 
site by soft tissue, contrast, or displacement tech- 
niques i3 about 95 per cent accurate after the 35th 
week of gestation. However, from the 28th to the 
35th week, that is in the first half of the last tri- 
mester when the condition most requires aid, the re- 
sults are not as accurate. 

Localization of the placental site by radioactive iso- 
topes provides a method of immediate bedside study 
with relatively simple equipment. The procedure is 
useful throughout the entire third trimester regard- 
less of maternal obesity, fetal presentation, hy- 
dramnios, multiple pregnancy, or pelvic tumors. 

In the present procedure, 5 mc of radioactive 
iodinatec human serum albumen is injected intra- 
venously: After allowing 10 minutes for mixing in the 
bloodstream, radioactivity measurements are made 
over the abdominal region and heart with a shielded 
straight bore scintillation counter positioned nor- 
mally to the surface of the skin. The counts over the 
fundus of the uterus are usually about one half to two 
thirds of -hose over the heart. The counts are entered 
on a special chart showing the heart, 12 areas of the 
uterus, and a right and left lateral flank area. When 
the placenta is situated on the anterior wall of the 
uterus, the site is indicated by a region where the 
counting zate is considerably more than that over the 
remainder of the uterus, and is almost equal to the 
rate over the heart. The counting rate is usually 
lower ovez the lower portion of the uterus than over 
the fundus. Where this decrease does not occur, it 1s 
indicative of a placenta in previa position. 

The whole body and gonadal radiation to mother 
and fetus is minimal (1 per cent) in comparison to 
that received in 2 film roentgen placentography. 

If a thyroid blocking agent is used, the absorbed 
dose delivered to the fetal thyroid will be well within 
the valuesas listed by the Federal Radiation Council 
and about 1 per cent of the dose delivered by con- 
ventional -oentgenographic techniques.—Eugene F. 
McDonald, M.D. 


Bossanr, H., ana DELALOYE, B. La placento- 
graphie par injection de sérumalbumine hu- 
maine marquée à l'iode 132: technique de 
localisazion placentaire. (Placentography by 
the injection. of human serum albumine 
tagged with I'S: technique of placental lo- 
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calization.) Schweiz. med. Wehnschr., July, 
1963, 93, 958—962. (From: Clinique Univer- 
sitaire d'Obstétrique et de Gynécologie, 
Lausanne, Switzerland.) 


After study of the different techniques of placental 
localization, the authors chose the isotopic one, using 
radioiodinated serum albumine labelled with I! 
They stress the very great advantages of I!'™ over 
It, due to the very short half-life of I'5 (2 hr. 26 
min.). With this isotope, the fetal gonadal dose is re- 
duced to 7 millirads and the fetal thyroid dose to 130 
millirads. 

The technique consists of an intravenous injection 
of RESSA, followed by radioactive mapping of the 
abdomen by means of a scintillation counter. 

Three interesting cases, with one scintigram, are 
reported.— Étienne Lebel, M.D. 


McLain, CLARENCE R., Jr. Amniography 
studies of the gastrointestinal motility of 
the human fetus. dm. F. Obst. £9 Gynec., 
Aug. 15, 1963, 86, 1079-1087. (From: De- 
partments of Obstetrics and Gynecology, 
Indiana University Medical Center, and the 
Marion County General Hospital, Indian- 
apolis, Ind.) 


Many investigators have demonstrated that gas- 
trointestinal motility occurs in utero in animals and 
humans, It is reasonable to propose that the gastro- 
intestinal system has a very dynamic and essential 
function during intra-uterine life, and that patho- 
logic states can alter normal function. The purpose of 
the present study was to determine the gastroin- 
testinal motility in the human fetus at different 
periods of gestation in normal and abnormal preg- 
nancies. 

The procedure consisted of opacifying the amniotic 
fluid in the pregnant uterus with a suitable contrast 
medium in order to delineate the uterine cavity and 
to study certain aspects of maternal and fetal physi- 
ology. The gastrointestinal motility of the fetus was 
studied in 33 normal pregnancies, varying from 24 
to 40 weeks’ gestation and in 17 abnormal preg- 
nancies with erythroblastosis, toxemia, hydramnios, 
diabetes, chronic renal disease, sickle-cell anemia, 
and premature separation of the placenta. 

A volume of amniotic fluid was removed equal to 
the amount of contrast medium injected. Thirty to 
forty cubic centimeters of medium was the usual 
dose. This varied depending on estimates of 
amniotic fluid volume. In subjects with hydramnios 
larger amounts of amniotic fluid were removed and 
approximately 50.0 cc. of medium were injected be- 
cause of the increased volume of amniotic fluid. 

In this study there was no incidence of premature 
labor caused by the procedure. Some of the patients 
were delivered prematurely; however, in each case 
there was bleeding or other causes which contributed 
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to the onset of labor. There was ro trauma to either 
fetus or mother. The infants were followed through 
the neonatal period and no ill effects due to the pro- 
cedure were observed. 

There was an increase in gastrointestinal motility 
and in rate of progress through the gastrointestinal 
tract as pregnancy advanced. In the cases of hy- 
dramnios studied there was a decrease in the rate of 
swallowing of the fetus, and a decrease in gastro- 
intestinal motility. This may be an etiologic factor 
in the development of hydramnios. In the 2 diabetic 
patients studied, the gastrointestinal motility was 
decreased with the development of hydramnios.— 
Eugene F. McDonald, M.D. 


GENITOURINARY SYSTEM 


Harrison, A. R., and GHOSE, R. R. Nephro- 
calcinosis. Proc. Roy. Soc. Med., Oct., 1963, 
56, 925-927. (From: St. Philip’s Hospital, 
London, England.) 


Nephrocalcinosis is defined as diffuse calcification 
in the renal parenchyma which is visible on ordinary 
roentgenograms. Usually it takes the form of multi- 
ple discrete deposits of calcium salts in the medullary 
region of one or both kidneys. Only in the medullary 
sponge kidney is the appearance characteristic. 

Forty-six cases of nephrocalcinosis were seen in 
the previous 7 year period in the Metabolic Depart- 
ment of St. Philip’s Hospital. Thirty-one cases were 
secondary to primary hyperparathyroidism, renal 
tubular acidosis and medullary sponge kidney, in ap- 
proximately equal numbers. Four cases were due to 
calciuria, 2 to pyelonephritis and in 9 cases no cause 
was found. 

A short discussion of the clinicopathologic features 
of the 3 leading causes is given.— Donald S. Linton, 
Fr., M.D. 


Puiturps, D. E. H. The percutaneous aspira- 
tion of renal cysts. Proc. Roy. Soc. Med., 
Oct., 1963, 56, 928-930. (From: St. Paul's 
Hospital, London, England.) 


The author describes his technique of percutane- 
ous aspiration of renal cysts in a series of 12 pa- 
tients. 

Under television-fluoroscopic control a direct 
needle approach posteriorly is used; the cyst con- 
tents are aspirated and replaced by a contrast 
medium. Analysis of the cyst fluid permits differ- 
entiation between benign and malignant renal cysts. 
A “dry tap" is presumptive evidence of a solid renal 
carcinoma. 

The patients are limited to those in whom the pre- 
vious clinical and roentgenographic examinations 
suggested the presence of a benign cyst. In spite of 
this, 3 of the 12 cases proved to have renal carcinoma. 
Prompt surgical treatment is undertaken if a “dry 
tap" results. 
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The author feels that this technique is more re- 
liable than angiography in the diagnosis of avascular 
tumors and in cystic carcinomas.—Donald $. Lin- 
ton, Tr., M.D. 


TARABULCY, Epwarp Z. The radiographic as- 
pect of urogenital schistosomiasis (bilhar- 
ziasis). J. Urol, Oct., 1963, 90, 470-475. 
(From: Department of Surgery, Cornell 
University Medical College: Second Division, 
Surgery [Urology], Bellevue Hospital, New 
York, N.Y.) 


Schistosomiasis is rarely seen in this country. 
The disease is caused by blood flukes which gain 
entrance through the skin and eventually reach the 
hepatoportal system, developing into male and fe- 
male adult worms. These worms then leave the liver 
to lay their eggs at the outlets of the alimentary and 
urinary tract. 

From a roentgenographic standpoint, three uro- 
genital organs are of importance, namely the bladder, 
ureter, and seminal vesicles. 

The bladder is the organ most frequently and 
severely involved. The organisms produce a thin 
linear calcification of the vesical wall which is re- 
ferred to as an "eggshell" calcification. In the pres- 
ence of associated malignant growth of the bladder, 
areas of calcification may be missing. Bladder stones 
and sometimes calcified polyps are a frequent com- 
plication. 

The ureter infested with bilharziasis shows calcifi- 
cation which is most marked in its lower third and 
secondly at the level of the third lumbar vertebra. In 
advanced cases, the entire length of the ureter is 
calcified. Ín the later stages of the disease, fibrosis 
and stricture of the ureter not infrequently result in 
the formation of urinary calculi and calcified polyps. 
Filling defects which may resemble air bubbles seen 
on excretory urograms are present in instances 
where ureteritis cystica has developed. 

The seminal vesicles, when involved, become 
calcified and present a characteristic appearance. 
Prostatic calcification is uncommon and the kidney 
is rarely affected primarily. Renal hydronephrosis 
may be the result of ureteral stricture. 

Eleven figures illustrate the findings presented by 
the author.—George W. Chamberlin, M.D. 


HIRSCHFELD, ROBERT L. Nephro-urography in 
the diagnosis of hypertension: a preliminary 
study. South. M. F., Sept., 1963, 56, 975—980. 
(From: Department of Radiology, Veterans 
Administration Hospital, Oklahoma City, 
Okla.) 

The author alters the usual urographic procedure 
done with 30-50 cc. of ditrickon or hypaque $0 per 
cent by injecting the medium rapidly (4 to 8 seconds) 
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with a No. 18 gauge needle. Selective 10X 12 inch 
roentgenograms of the renal area are made at 1 and 3 
minutes, plus essential later roentgenograms. 

Investigations were carried out to note the benefit 
of rehydration in hypertension; 18 to 24 ounces of 
water were given following the 15 minute roentgeno- 
gram and another roentgenogram was made 15 to 30 
minutes later. Clearance of the contrast medium did 
not occur in the diseased kidney of hypertensive pa- 
tients. 

The early phase roentgenograms or nephro- 
urography have been of great help in the elucidation 
of the site of the renal abnormality, since on routine 
study the pelvocalyceal system of the abnormal kid- 
ney may be visualized as equal, increased or de- 
creased radiopacity when compared with the op- 
posite kidney. Accurate appraisal of renal size, con- 
tour and renal function can be made—ohn H. 
Harris, M.D. 


Brooks, R. TERYL, JR., DETTMAN, PRENTISS 
M., and GALUSZKA, ALBIN A, Renal scans in 
urologic diagnosis using neohydrin Hg-203. 
jJ. Urol., July, 1963, 90, 107—112. (From: 
Urological Service and the Radioisotope 
Laboratory, United States Naval Hospital, 
National Naval Medical Center, Bethesda, 
Md.) 


This is a preliminary report of 120 patients who 
were subjected to renal scan after the intravenous 
injection of ṣo uc of neohydrin Hg?®. With the pa- 
tient in the prone position, the usual dot scan and 
photo recording scan were made approximately 1 to 
3 hours following the intravenous injection of the 
radioactive mercury. 

Six brief case histories are included in this article. 
It is believed that neohydrin Hg?™ scan is a satis- 
factory technique particularly in the following 4 
groups of patients: (1) those who are sensitive to 
iodine; (2) patients with nonfunctioning kidney on 
excretory urography; (3) hypertensive patients with 
suspected renal artery disease; and (4) patients who 
have a mass lesion involving the kidney. 

The scan has been shown to be nonspecific in de- 
picting lesions of the kidney but is a valuable ad- 
junct to pyelography and arteriography in the study 
of renal disease. 

The renal scan was not accurate for a small num- 
ber of patients who had extrinsic renal masses and 
was found to be of no significant value for patients 
with medical renal diseases. 

Four tables and 7 composite figures are included to 
illustrate the points made by the authors.—George W. 
Chamberlin, M.D. 


Dore, EARL K., TAPLIN, GEORGE V., and 
Jounson, De Lores E. Current interpreta- 
tion of the sodium iodohippurate I™ reno- 
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cystogram. 7.4.M.A., Sept. 21, 1963, 795, 
925—932. (Address: Dr. E. K. Dore, 9oo 
Veteran Ávenue, Los Angeles 24, Calif.) 


New terminology for the renogram's 3 segments is 
recommended; £.e., tracer appearance, blood flow and 
drainage, to replace the original terms—vascular, 
tubular and excretion. 

The first segment is shown to represent a small 
amount of tubular activity, renal blood activity and 
extrarenal tissue activity. If one used albumin I!5 the 
tubular activity could be eliminated and the true 
height of the first segment ascertained. If one re- 
peated this after unilateral nephrotomy it was shown 
that the renal bed had an activity which was 90 per 
cent of the normal side. In this manner it is shown 
that the first segment actually reflects activity in the 
extrarenal tissues and does not reflect changes in 
renal blood flow. Therefore, the term tracer appear- 
ance ig a more accurate description of the first seg- 
ment than the old term vascular segment. 

The second segment reflects the integration of 
tracer accumulation in the kidney, its excretion from 
the renal pelvis and declining radioactivity in the 
blood. The excretion into the renal pelvis is negligible 
as is the decay of the isotope. The accumulation in 
the kidney is a function of renal blood flow because at 
the dosage level employed, 92 per cent of the 
iodohippurate I! is cleared with each passage 
through the kidney. This blood flow segment is de- 
pressed in vascular disease, chronic pyelonephritis, 
nephroptosis with vascular embarrassment and 
congestive heart failure. Carbon tetrachloride poison- 
ing represents an exception in which the depressed 
second segment reflects severe tubular damage. 

The overriding importance of the third segment is 
urine drainage from the upper urinary tract. 

Renal transit time is measured from the tracer ap- 
pearance in the kidney to the beginning of the drain- 
age segment and reflects urine flow. Unilateral pro- 
longation of transit time in the absence of mechanical 
obstruction to urine drainage is one of the hallmarks 
"i um artery occlusive disease.— James V. Grief, 


Tori, (1 ป บ 10. La scintigrafia renale. (Renal 
scintigraphy.) Radiobiologia, Radioterapia e 
Fisica Medica, Jan., 1963, 18, 3-24. (From: 
Istituto di Radiologia dell'Università di 
Bologna and Insegnamento di Fisica Nu- 
cleare Applicata Alla Medicina dell'Univer- 
sità di Bologna, Italy.) 

The first results of renal scintigraphy obtained in a 
limited number of cases are presented. The radio- 
compound used was neohydrin labelled with 

gt", 

The conclusions of the author essentially confirm 


the experience obtained by previous investigators.— 
A, F. Govoni, M.D. 
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Hine, GERALD J., FanMELANT, MELVIN H., 
CARDARELLI, Joun A., and Burrows, BEL- 
TON A. Four channel magnetic tape record- 
ing and digital analysis of radio-hippuran 
renal function tests in normal subjects. 7. 
Nuclear Med., Sept, 1963, 4, 371-381. 
(From: Radioisotope and Medical Services, 
Boston Veterans Administration Hospital, 
the Robert Dawson Evans Memorial, Massa- 
chusetts Memorial Hospitals, and the De- 
partment of Medicine, Boston University 
School of Medicine, Boston, Mass.) 


A method of data preservation and reproduction 
using magnetic tape is described. À magnetic tape 
system was used to preserve the time sequence of 
pulses from scintillation counters. This set-up was 
used to study the excretion of I! hippuran in normal 
subjects. The excretion of the I! hippuran from the 
kidney areas and other body sites was followed for 
IOO minutes. 

The use of the magnetic tape to store the informa- 
tion from the scintillation counters provided the 
necessary flexibility for the analysis of the data to an 
extent not otherwise possible. 

The authors conclude that the excretion of I?! 
hippuran from the kidneys and other body sites 
could be accounted for by four exponential com- 
ponents with half-times of 2, 10, §o minutes and one 
of several hours.—Jsaac Reese, M.D. 


PEARMAN, ROBERT O., and MILLER, JERRY B. 
Choke voiding cystourethrography. 7. Urol., 
Oct., 1963, 90, 481—488. (From: Department 
of Surgery, Division of Urology, University 
of California Medical Center; and the De- 
partment of Urology, Veterans Administra- 
tion Center, Los Angeles, Calif.) 


The term "choke voiding” is used to designate in- 
creased resistance to the passage of opaque medium 
through the bladder and urethra. This can be accom- 
plished by a mechanical choke such as pressure on 
the urethral meatus or by the use of a viscous me- 
dium. By either method, the speed but not the dy- 
namics of the urination is slowed, so that a roentgeno- 
gram taken during voiding represents a true func- 
tional study of the lower urinary tract. The descent 
of the bladder, funneling of the bladder neck, and 
size of the vesical opening are readily demonstrated. 

The bladder may be filled with radiopaque me- 
dium by the intravenous route such as used in 
excretory urography. When this technique is used, 
it is well to inject more than the customary amount 
of radiopaque medium and also to give the patient 
approximately 600 cc. of water during the roentgeno- 
graphic procedure, so that diuresis will aid in filling 
the bladder. Other methods of filling the bladder are 
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by the usual retrograde catheter or a suprapubicly 
placed catheter. 

To obtain a choke voiding cystogram, the authors 
attach the Brodny penis clamp to the male urethra 
so that the patient voids through the tube of the 
Brodny apparatus thus increasing the intraurethral 
and intravesical pressure necessary for voiding. Dur- 
ing the voiding procedure, roentgenograms are made 
in the usual oblique position and centered over the 
bladder, urethra, and lower ureters. A second roent- 
genogram is taken after voiding is complete. 

In the female patient, the authors use a mixture of 
6 per cent sodium iodide and thixokon in 6—1 propor- 
tion to produce a hydrokinetic choke. A special stool 
is made of balsa wood for these patients and the films 
are exposed in the anteroposterior or oblique position 

during voiding. 

' "The authors illustrate their methods with 14 com- 
posite figures.—George W. Chamberlin, M.D. 


Nervous SYSTEM 


VoGLER, E., and WALCHER, W. Versuche mit 
einem neuen Kontrastmittel für die sub- 
arachnoidale Myelographie. (Investigations 

' with a new contrast medium for subarach- 
noid myelography.) Fortschr. a. d. Geb. d. 
Rontgensirahlen u. d. Nuklearmedizin, Oct., 
1963, 99, 493-506. (Address: Prof. Dr. E. 
Vogler, Zentral-Rontgen-Institut, . Landes- 
krankenhaus, Graz, Austria.) 


The advantages and disadvantages of the gaseous, 
oily and water-soluble contrast media in use, at pres- 
ent or in the past, are discussed. The new contrast 
medium, designated SH 617 L, is preferred because it 
can be injected in the lumbar or suboccipital areas 
without a prior anesthetic. It is harmless (or pro- 
duces only mild, transitory irritations), absorbable, 
and provides satisfactory visualization of the entire 
spinal canal. Its composition is a 20 per cent crystal- 
line suspension of (3-dimethyl aminomethylamino- 
2, 4, 6, triiodophenyl) proprionic acid ethyl ester in 
isotonic 5.5 per cent glucose solution. The iodine con- 
tent is 61.45 per cent and none of the iodine is free or 
inorganically bound. 

This contrast medium was used in 160 examina- 
tions of the spinal canal without any untoward re- 
actions. In the study of the lumbar region, 1—5 cc. 
may be employed with the patient seated or lying 
down. In examinations of the suboccipital region, 5 
cc. is usually injected with the patient seated. Two 
immediate myelograms, anteroposterior and lateral, 
suffice for the cervical region. Myelograms in the 
same views are taken for study of the dorsal region, 
but exposures are made 3-5 minutes after injection. 
In 3 to 4 weeks, 50 per cent of the material is ab- 
sorbed. After 6 to 8 weeks, only faint traces are still 
present.—7. Zausner, M.D. 
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SKELETAL SYSTEM . 


Morris, James M., SAMILSON, ROBERT L., 
and Corey, CHARLES L. Melorheostosis: 
review of the literature and report of an 
interesting case with a nineteen-year follow- 
up. F. Bone E Joint Surg., Sept., 1963, 45-A, 
1191—1206. (Address: Dr.: James M. Morris, 
University of California Medical, Center, 
San Francisco 22, Calif.) 


This article presents a case of melorheostosis with 
a ig year period of observation, during which a 
definite progression of the disease was recorded. 
Biopsy material demonstrating a progression from 
vasculitis to vascular obliteration forms the basis for 
the authors’ speculation that impaired oxygen ten- 
sion to the involved mesenchymal tissues may be a 


contributing factor i in. the pathogenesis of this-dis- 


ease. 

The authors bass made a statistical analysis of the 
131 cases of melorheostosis reported in the world’s 
literature.—John H. Harris, M.D. 


Scott, Epwin P. Infantile cortical hyper- 
ostosis: report of an unusual complication. 
3. Pediat., May, 1963, 62, 782—785. (From: 
Department of Pediatrics, University of 
Louisville School of Medicine and Children’s 
Hospital, Louisville, Ky.)* 


This article is a case report of infantile cortical 
hyperostosis with the rare complication of bony fu- 
sion of the radius and ulna. This is the fifth such case 
in the literature. 

The patient was first seen at the age of 2$ montis 
at which time he had the hyperostotic changes of 
Caffey's disease in the mandible and the radius. He 
was followed periodically and at the age of 9 months 
there was resolution of the hyperostosis in most of 
the bones. The right leg was still involved and there 
were bony bridges between the radius and ulna on 
the right. The radial head was dislocated forward. 
When he was last seen, at the age of 44 years, the 
bony bridge in the right forearm was still present: — 
John L. Gwinn, M.D. 


STONE, DANIEL B., and BONFIGLIO, MICHAEL. 
Pyogenic vertebral osteomyelitis: a diagnos- 
tic pitfall for the internist. /£.M./4. Arch. 
Int. Med., Oct., 1963, 772, 491-500. (Ad- 
dress: Dr. Daniel B. Stone, Department of 
Medicine, University Hospitals, Iowa City, 
Towa.) 

Fifteen patients, aged 39 to 73 years, with pyogenic 
vertebral osteomyelitis were diagnosed from mid- 
1956 to mid-1962 at the University of Iowa Hos- 
pitals. Five of these patients had diabetes mellitus. 
Fever was often present, and leukocytosis usually ab- 
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sent. The level of serum globulin was usually raised 
and the erythrocytic rate always increased. Roent- 
genologic changes, often appearing belatedly in the 
form of bone destruction and paraspinal abscess 
formation, confirmed the diagnosis. Needle aspira- 
tion of the vertebral contents usually permitted 
bacteriologic culture. 

The authors emphasize the difficulty in the clinical 
diagnosis of vertebral osteomyelitis in the adult. Its 
clinical manifestations are in great contrast to the 
more easily recognized manifestations of acute osteo- 
myelitis in children. Adequate roentgenologic in- 
vestigation of backache in middle-aged or elderly pa- 
tients 1s indicated, especially when backache is over- 
shadowed by root pain or comes on after skin infec- 
tions, after urologic or surgical infection or in the 
diabetic patients.— 7. T. Ling, M.D. 





NoRMAN H., Gerard, EarL S, and 


BELL, ด 
FREDERIC. C. Pseudohypopara- 


BARTTER, 


thyroidism with osteitis fibrosa cystica and 
impaired absorption of calcium. ¥. Cin. 


Endocrinol. © Metabol., Aug., 1963, 23, 7$9- 
772. (From: Clinical. Endocrinology Branch, 
National Heart Institute, National Insti- 
tutes of Health, Bethesda, Md., and De. 
partment of Metabolism, Division of Medi- 
cine, Walter Reed Army Institute of Re. 
search, Department of Medicine, Walter 
Reed Army Hospital, Washington, D. C.) 


Pseudohypoparathyroidism is a syndrome char. 
acterized by hypocalcemia and hyperphosphatemia 
without retention of nitrogen, in which there is little 
or no restoration of serum calcium and phosphorus 
levels to normal with parathyroid extract. Hyper- 
plasia of the parathyroid glands has been reported in 
2 pervious cases and the authors report an additional 
instance in a patient with pseudohypoparathyroid- 
ism which was assumed to be the acquired type be- 
cause the onset of symptoms and bone disease was 
in the third decade and there were no skeletal ab- 
normalities characteristic of pseudohypoparathyroid- 
ism. 

Extensive studies on this patient indicated that 
secondary hyperparathyroidism and osteitis fibrosa 


cystica were associated with impaired absorption of 


calcium, and that large doses of vitamin D enhanced 
the calcium absorption and led to healing of the bone 
lesions of osteitis fibrosa cystica. This suggested that 
the gastrointestinal tract of this patient was re- 
sistant to vitamin D and since vitamin D is necessary 
for optimal activity of parathyroid extract, the high 
urinary calcium, inspite of a low serum calcium, 
might be due to resistance of renal tubules to vitamin 
D and hence to endogenous parathyroid hormone. 


However, renal control of tubular reabsorption of 


phosphorus is not entirely independent of endoge- 
nous parathyroid hormone, as evidenced by a normal 
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tvpe rise in serum phosphorus and fall in urinary 
phosphorus after calcium infusion in 2 hypopara. 
thyroid patients both before and after treatment 
with vitamin D.— Lois Cowan Collins, M.D. 


Coste zo, J. M., and Dent, C. E. Hypo-hyper- 
parathyroidism. ;rch. Dis. Childhood, Aug., 
1963, 33, 397-407. (From: Paediatric De. 
partment and Medical Unit, University Col- 
lege Hospital, London, England.) 


A 13 year old child is described who presented 
symptoms from hyperparathyroid bone disease 
(osteitis fibrosa generalisata) simultaneously with 
symptoms of mild tetany shown to be due to idio- 
pathic hypoparathyroidism. 

On treatment with vitamin D alone the bone le- 
sions healed, and her plasma calcium and phosphorus 
levels became normal. There were no signs of pseudo- 
hypoparathyroidism. Thus a paradoxical state of 
affairs existed and the authors postulate that two 
hormones are produced by the parathyroid glands, 
one affecting calcium and phosphorus levels and the 
other manifesting itself by production of osteitis 
fibrosa and a rise in plasma alkaline phosphatase.— 


Arch H. Hall, M.D. 


Baker, H., GOLDING, D. N. , and ‘THompson, 
M. Atypical pou arthritis | in PORE um 


(Address: Dr. H. Bake. “The Nundon Hos. 


pital, London, England.) 


Differentiation. of the arthritis occurring. with 
psoriasis from classical rheumatoid arthritis on the 
basis of clinical and roentgenographic features is not 
secure. Most authors accept the picture of erosive 
arthritis affecting predominantly or exclusively the 
terminal interphalangeal joints as being peculiar to 
psoriatic arthritis, Other features, less reliable, are as 
follows: (1? absence of subcutaneous nodules; (2) 
severe osteolysis, arthritis mutilans; (3) resorption of 
tufts of terminal phalanges; (4) asymmetric involve- 
ment of metatarsophalangeal Joints, frequent bony 
ankylosis; (5) mushrooming impaction of tapered dis- 
tal end of phalanx into the splayed opposed articular 
surface; (6) involvement of interphalangeal joint of 
hallux with proliferation of base of distal phalanx; 
(7) sacroiliac involvement, especially with ankylosis; 
and (8) "sausage digits" (red swollen toes or fingers 
due to involvement of interphalangeal joints and 
tendon sheaths). 

Tests for rheumatoid factors are negative in the 
vast majority of patients with psoriasis and arthritis, 
whereas they are positive in 80 per cent or more of 
patients with rheumatoid arthritis. It has been estab. 
lished that there is a hereditary component in the 
etiology of psoriasis, and genetic factors also bear on 
rheumatoid arthritis, Some cases of sero-negative 
arthritis also may be familial. A detailed family his- 
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tory was taken from 53 patients with psoriasis and 
sero-negative polyarthritis. Forty-seven of the 86 
reiatives "alleged" to have rheumatism presented for 
examination. Thirty-seven relatives had no signifi- 
cant abnormality. The remaining tio relatives and 
reiatives of 6 additional patients form the total of 16 
wno were studied continuously for 2 years, including 
periodic Rose-Waaler tests. Only 1 relative had defi- 
nite psoriatic arthritis; 3 had psoriasis and psoriatic 
arthritis; 4 had probable psoriatic arthritis, only 1 of 
which had psoriasis; 11 had arthritis indistinguish- 
able from rheumatoid arthritis, but with negative 
Rose-Waaler tests in 10, and no subcutaneous nod- 
ules. 

When psoriasis and arthritis occur together, the 
skin and joint manifestations may vary greatly in 
both their individual and relative severity. The 
psoriasis usually, but not always, precedes the arth- 
ritis, and 1t is necessary to examine the skin, scalp, 
and nails of patients with sero-negative arthritis of 
undetermined etiology. The recognition of psoriasis 
has assumed added importance since the introduc- 
tion of chloroquine and related compounds in the 
treatment of rheumatoid arthritis, due to the fact 
that this and other antimalarial drugs commonly 
aggravate psoriasis.—Lois Cowan Collins, M.D. 


Harris, R. IL, and Witey, J. J. Acquired 
spondylolysis as a sequel to spine fusion. 7. 
Bone & Foint Surg., Sept., 1963, 45-4, 1159- 
1170. (Address: Dr. R. I. Harris, 609 Medical 
Arts Building, Toronto 5, Ontario, Canada.) 


Six cases with reproduction of roentgenograms are 
presented to demonstrate that spondylolysis may be 
due to stress or trauma. Each case developed after a 
spinal fusion had been performed. In § cases the 
acquired lesion affected the upper-most vertebra in- 
cluded in the fusion and the sixth was found in the 
fifth lumbar vertebra below the interbody fusion be- 
tween the fourth and fifth lumbar vertebrae. The 
various theories as to the etiology of spondylolysis 
and spondylolisthesis are discussed. 

The clinical significance of these acquired defects is 
uncertain. However, it is suggested that this lesion 
may in some instances explain recurrence of low-back 
symptoms after spine fusion. The condition is diff- 
cult to diagnose because of the belated appearance of 
the lesion and the difficulty of roentgenographic 
recognition.—J. H. Harris, M.D. 


Howartu, M. BECKETT, Management of prob- 
lems of the lumbosacral spine. 7. Bone & 
Foint Surg., Oct., 1963, 45-4, 1487-1508. 
(Address: 49 Lake Avenue, Greenwich, 
Conn.) 

Backache is a common cause of disability, and it is 


usually associated with structural weakness in the 
lumbosacral region and with faulty use of the back. 
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It is an indication for careful diagnostic history, 
physical examination, and adequate roentgenograms. 
Backache of mechanical origin can be relieved in the 
vast majority of cases by suitable protective meas- 
ures, by correction of obesity or faulty posture, by 
appropriate trunk-muscle exercises, and by training 
in good posture. Backache unrelieved by these treat- 
ments, especially if there is a severe structural defect 
such as spondylolysis, may be relieved by spine 
fusion. 

Sciatica is also a common cause of disability. 
Severe persistent sciatica is commonly due to protru- 
sion or extrusion of the nucleus pulposus with pres- 
sure against the adjacent nerve root, and it may be 
associated with neurologic signs of nerve-root pres- 
sure. If the sciatica is due to mild nerve-root pressure, 
partial or temporary relief may be obtained by bed 
rest for 2 or 3 weeks. Severe or persistent sciatica due 
to extrusion of a nucleus pulposus is best relieved by 
careful surgical removal of the material causing the 
pressure. 

The author presents a thorough discussion of the 
various non-surgical methods of treatment of prob- 
lems of the lumbosacral spine. As regards prophy- 
laxis, he states that backache may usually be pre- 
vented by sleeping on a firm bed, by using proper 
chair and shoes, by the avoidance of obesity, fatigue, 
and severe strains on the back, by maintaining the 
muscles of the trunk in good physical condition, and 
by good posture. 

There is an excellent discussion of etiology, symp- 
tomatology, roentgenography, and differential diag- 
nosis, with numerous illustrations.— Douglas S. 
Kellogg, M.D. 


BovILL, Epwin G., Jr. Arteriographic vis- 
ualization of the juxta-epiphyseal vascular 
bed following epiphyseal separation: a case 
report. 7. Bone & Joint Surg., Sept., 1963, 
45-4, 1260-1262. (From: The San Fran- 
cisco General Hospital, San Francisco, 


Calif.) 


A case report of a 7 year old girl is presented who 
sustained an open separation of the right proximal 
tibial epiphysis. The popliteal artery and vein had 
been completely transsected. Three months after end 
to end anastomosis of both vessels and manipulative 
reduction of the epiphyseal separation right femoral 
arteriography was performed. This examination dem- 
onstrated that the vascular bed was still increased in 
the region of the epiphyseal plates in all the bones 
about the knee. The author believes this to be a re- 
sult of a general increase in vascularity in response to 
trauma. There was complete lack of filling, however, 
of the normal vascular bed on the metaphyseal face 
of the part of the epiphyseal plate traversed by the 
fracture line. 

Repeat right femoral arteriography 29 months 
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after injury did not opacify the juxta-epiphyseal 
vascular bed in any of the bones. The growth poten- 
tial of the proximal tibial epiphysis was not altered 
during the 34 year follow-up after injury.—Gera/d 7. 
Kurlander, M.D. 


Norman, ALEx, and BULLOUGH, Peter. The 
radiolucent crescent line—an early diag- 
nostic sign of avascular necrosis of the 
femoral head. Bull. Hosp. Joint Dis., April, 
1963, 24, 99-104. (From: Departments of 
Radiology and Pathology, Hospital for 
Joint Diseases, New York, N.Y.) 


The authors direct attention to a reliable early 
roentgenographic finding in avascular necrosis of the 
femoral head which has been described previously 
but has received scant attention. This finding is a 
crescent shaped radiolucency which parallels the 
subchondral surface of the femoral head. It is visible 
because a narrow margin of bone is still in place close 
to the cartilage. 

A study of 3 femoral heads removed from patients 
with avascular necrosis indicates that the crescent- 
like zone of radiolucency is an area of subchondral 
separation and not resorption of necrotic bone. The 
bone underlying the subarticular defect is nonviable. 

The frog-lateral view best demonstrates the radio- 
lucency because of the frequency of involvement of 
the anterolateral margin of the femoral head.— 
Gerald J. Kurlander, M.D. 


SWANSON, ALFRED B., GLESSNER, JAMES R., 
Jr., Burpicx, Harry W., and MAHANEY, 
Rospert C. Seven years’ experience with 
irradiated bone graft material. Surg., Gynec. 
E Obst., Nov., 1963, 717, 573-577. (From: 
Division of Orthopedic Surgery, Blodgett 
Memorial Hospital, Grand Rapids, Mich.) 


The authors report in detail the preparation of the 
homografts. The above-knee amputation specimens 
obtained from operations performed for vascular in- 
sufficiency, have been the source of the bone. The 
contraindications for the use of these specimens have 
been: positive results of serology, a positive past his- 
tory of jaundice, evidence of carcinoma or the pres- 
ence of obvious infection in the extremity. 

The amputated extremity is prepared for storage 
with aseptic technique. The condyles of the tibia and 
femur are cut off from the shafts and denuded of all 
cartilage, soft tissue, and cortical bone. The remain- 
ing cancellous bone is then cut into cubes about 4 
inch square. The shaft portions of the bone are 
stripped of all periosteum and soft tissues. The bone 
is then placed in sterile jars and stored at —20° C. 
When several specimens have been so prepared, the 
bone is then ready for processing with clean, but not 
necessarily sterile technique. 
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The cancellous bone is osterized with ice and 
saline into particles not exceeding 1 mm. in diameter. 
The cortical shafts are cut by motor saw into strips 
of various widths and lengths but not exceeding 1.5 
cm. in total thickness. The authors state that this 
thickness is of extreme importance as the clinical 
trial revealed that 1.5 cm. is the maximum thickness 
of bone capable of being sterilized by the radiation 
dosage used. Some of the strips of bone are run 
through a hand lathe to tap bone screws according to 
the method of Eicher. 

The 3 types of bone—cancellous, cortical strips, 
and screws—are packaged in separate, pliofilm en- 
velopes 0.04 mm. thick. Each envelope contains 1 
screw, I or 2 pieces of cortical bone, or 1 teaspoonful 
of ground bone. Sealing of the envelope is carried out 
by & simple, handoperated, heat-sealing device. 
Each envelope containing bone graft material, to- 
gether with a dated tag and a small glass tube is then 
placed in a large pliofilm envelope and sealed. The 
glass tube serves as a gross indicator for irradiation 
purposes, turning brown on exposure to irradiating 
dose. 

The resulting packages of bone are kept at —20° C. 
in a conventional deep freeze un:t until time for 
sterilization arrives. The bone is then packed in dry 
ice and transferred to a Van de Graaff accelerator, 
which produces a possible beam current of 250 micro- 
amperes at 2,000,000 volts, resulting in a 500 watt 
source of irradiating ionizing energy. The bone is 
irradiated from each side; it is packed in dry ice dur- 
ing irradiation; after irradiation, still packed in dry 
ice, it is transferred back to the bank and stored in 
the freezer at — 20° C. until used. i 

Prior to use, the double sealed package is soaked 
in compound rust inhibitor, a cold sterilizing com- 
pound, for 20 minutes. If any leakage is noted in the 
outer envelope it is discarded. If not, the outer en- 
velope is opened by the circulating nurse with sterile 
scissors and the inner package removed by the scrub 
nurse. Roughly 5 per cent of the packages have been 
found to leak. Bone is arbitrarily discarded at the 
end of 1 year if unused. Most of the bone is used 
within a 6 month period from preparation. 

The 3 varieties have been emplcyed in various 
combinations and for different purposes. Bone screws 
are used most frequently in spinal fusions, in which 
they are placed vertically across the facets. In 3 
cases of spondylolisthesis, screws were placed across 
the defect from the lamina to the pedicle of the in- 
volved vertebra. Bone screws are also used to help 
stabilize other fusion masses such as a Lambrinudi 
triple arthrodesis. Ground bone is rarely used alone. 
Most often it is used with cortical bone to help con- 
tour the bony mass, as in a long spinal fusion. 

In a summary, the authors state that they have 
carried out 368 operative procedures in 300 patients 
with an infection rate of 1.9 per cent. They do not 
claim that this type of graft is equal to autogenous 
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bone in osteogenetic superiority, and no claim is 
made for originality in the process of sterilization. 

The authors report that experience has proved the 
irradiated homograft to be an excellent adjunct in 
bone graft surgery when homogenous bone ts indi- 
cated for the following reasons: (1) it is a safe source 
of bone, no case of infection has been observed to be 
directly attributable to the graft material used; (2) 
the bone is readily available; and (3) the mechanism 
of processing and sterilizing is relatively simple and 
inexpensive. 

With increasing availability of the source of 
sterilization, the entire process can be recommended 
for increased use in orthopedic surgerv. 

The authors describe in great detail their methods 
of preparing and preserving the bone.—C. Peter 
Truog, M.D. 


BLOOD AND LYMPH SYSTEM 
Dg Bakey, MICHAEL E. Basic concepts of 
therapy in arterial disease. Bu. New York 
Acad. Med., Nov., 1963, 39, 707-749. (From: 
The Cora and Webb Mading Department 
of Surgery, Baylor University College of 
Medicine, Houston, Texas.) 


Throughout the Western World, arterial diseases 
rank among the worst common ailments of man, ac- 
counting for more deaths than all other diseases com- 
bined. Great progress has been made in this field with 
more precise angiographic diagnosis and more etfec- 
tive therapy. The concept has evolved that, regard- 
less of etiology, the lesion in many forms of aortic 
and arterial disease may well be localized and seg- 
mental with a relatively normal and patent arterial 
bed proximal and distal to the lesion. Because of this 
segmental nature, many lesions are accessible to sur- 
gical correction. 

Most arterial diseases may be classified into 2 
major categorles: aneurysms and occlusive lesions. 
Lesions may be congenital, acquired or traumatic in 
ongin. From a practical therapeutic aspect, however, 
the location and extent of the lesion with resultant 
hemodynamic disturbances assume greater signifi- 
cance than the etiologic factors. 

Occlusive diseases are classified according to loca- 
tion: lesions involving the: (1) aortic arch, (2) visceral 
branches of the abdominal aorta, (3) terminal aorta 
and major branches, and (4) coronary arteries. The 
predominant underlying condition in all categories is 
atherosclerosis. The corrective surgical procedures 
include thrombo-endarterectomy, excision with graft 
replacement, bypass graft and patch graft angi- 
oplasty. Experience with over 5,000 cases has shown 
that the seamless, knitted dacron tube is more satis- 
factory than the previously successful arterial homo- 
graft. Good results have been obtained in 80-93 per 
cent of cases. 

Aneurysms are similarly classified by site of origin 
within: (1) aortic arch, (2) descending thoracic aorta, 
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(3) thoracoabdominal segment, and (4) abdominal 
aorta distal to the renal arteries. Once formed, 
aneurysms progress to serious or lethal complica- 
tions, so that extirpation or obliteration of the lesion 
is essential. Surgical results are gratifving though 
operative risk 1s increased by proximal location, ad- 
vanced age, rupture and pre-existing heart disease.-— 


David P. Corbett, M.D. 


LEGER, Lucien, CHAPUIS, Y., KLOPPER, P. -J., 
and Lemaicre, G. Syndrome de Cruveilhier- 
Baumgarten: a propos de 28 observations 
personnelles. (Cruveilhier-Baumgarten syn- 
drome: report of 28 personal cases.) rch. 
mal. app. digest., June, 1963, 52, 609-634. 
(From: Clinique chirurgicale de l'Hópital 
Cochin, Paris, France.) 


Routine splenoportography performed in cases of 
portal hypertension can easily demonstrate the 
permeability of an umbilical vein serving as a col- 
lateral, even in the absence of the classic. parietal 
venous dilatations. This explains the recent and 
more frequent recognition of this syndrome. 

The distinction between the "disease" and the 
“syndrome” is still controversial. The syndrome is 
much more common, and is accompanied by portal 
hypertension, which often is caused by liver cirrhosis 
or a precirrhotic state. The lesions are sometimes 
very minimal and confined to a portal and periportal 
sclerosis. The “disease” is not a well-defined entity; 
itis very rare, congenital, and the liver is normal with 
a persistent, permeable umbilical vein. 

In the 28 cases reported, the etiology of cirrhosis 
was alcoholism in 9 cases, bilharziosis in 3 cases, 
biliary cirrhosis in 1 case, and was undetermined in 
the others. 

The portal hypertension is responsible for the de- 
velopment of a collateral circulation along the um- 
bilical vein, which has remained permeable, or has 
recanalized along the para-umbilical veins. This, 
however, is of little functional value; the spleno- 
manometric pressure is usually high, and frequent 
gastrointestinal hemorrhages occur (in 16 of the 28 
cases). 

The insufficient venous drainage is easily explained 
by the fact that the umbilical venous trunk bifur- 
cates, leading to a capillary system acting as a caput 
medusae, with concomitant retarded flow; more- 
over, this system 1s interposed in the abdominal wall 
between the portal and caval systems. 

The persistent, permeable umbilical vein, more 
often of a large caliber and easily mobilized, can be 
used advantageously for an anastomosis with the 
caval vein. Such an omphalo-caval shunt is less 
traumatizing than the conventional porto-caval 
anastomosis, and if a thrombosis should develop, an 
additional porto-caval or spleno-renal shunt can 
always be performed. 

In the cases where the umbilical vein is of a small 


Vor. 91, No, 3 


caliber, the portocaval anastomosis is preferable.— 


H. P. Lévesque, M.D. 


Krarr, RiCHARD O., and Fry, Winriaw J. 
Aneurysms of the celiac artery. Surg., 
Gynec. © Obst., Nov., 1963, 117, 563-566. 
(From: Department of Surgery, University 
of Michigan, and Veterans Administration 
Hospital, Ann Arbor, Mich.) 


Aneurysms of the celiac artery are rare. The ana- 
tomic location of the abnormality and the vague na- 
ture of the associated symptoms render preoperative 
diagnosis dificult. 

The authors report 2 cases of aneurysms of the 
celiac artery which were diagnosed preoperatively 
by lateral percutaneous translumbar aortography. 
Both of the patients were successfully operated 
upon with arterial reconstruction. They state that 
the symptoms attributed to celiac aneurysm are 
dominated by those associated with rupture of the 
aneurysm, probably expanding pulsatile mass, 
epigastric pain, shock and occasionally jaundice and 
gastrointestinal hemorrhage. Mild subxiphoid dis- 
comfort and audible epigastire bruit may be early 
signs with this occult lesion. 

Although arteriosclerosis is the most common cause 
of aneurysms of the celiac axis, some of the lesions 
have been secondary to trauma, or to infectious 
processes, including syphilis and tuberculosis. Con- 
sequently, youth alone does not exclude this diag- 
nosis. Several of the recorded deaths from ruptured 
celiac aneurysms have been in patients under the age 
of 40; indeed, microscopic examination of the lesion 
removed from the authors' second patient demon- 
strated a defect in the elastic fibers which suggested 
a congenital condition. 

The authors believe that these are, the thirty- 
seventh and thirty-eighth cases of reported celiac 
aneurysms; they are the first such aneurysms to be 
diagnosed preoperatively and the second and third to 
be removed successfully. The natural history of these 
lesions makes excisional therapy mandatory.— 
C. Peter Truog, M.D. 


Kav, R. G. Retroperitoneal vasculitis with 
perivascular fibrosis. Brit. Y. Urol, Sept., 
1963, 35, 284-292. (From: Department of 
Surgery, Hammersmith Hospital, and Post- 


graduate Medical School of London, Eng. 


land.) 


This condition is described as an envelopment of 
retroperitoneal structures by an unusual plaque of 
fibrous tissue. In the majority of cases this results in 
a functional type of postrenal obstruction, but vas- 
cular complications are not uncommon. The histo- 
logic features are nonspecific. The author notes that 
125 cases have been reported in the literature. In so 
per cent of these a hypochromic microcytic anemia 
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was recorded. Hoffman and Trippel regard the sedi- 
mentation rate as the only constantly abnormal 
laboratory finding. 

Obstruction of the inferior vena cava by the retro- 
peritoneal fibrous tissue has been reported in 10 pa- 
tients, The aorta was involved in 2 cases. One of 
these demonstrated abrupt narrowing just below the 
origin of the renal arteries. The other had marked 
compression of the aorta with gangrene of the foot. 
Obstruction of the spermatic veins with develop- 
ment of a hydrocele has been recorded in 3 instances. 

A case report is included. Theories of etiology are 
discussed, and methods of treatment are considered. 


ees D. S. Kellogg, M.D. 
GENERAL 


CLAUSEN, J., Dyceve, H. V., and MELCHIOR, 
J. €. Mucopolysaccharidosis: paper electro- 
phoretic and infra-red analysis of the urine 
in gargoylism and Morquio-Ullrich's disease. 
Arch, Dis. Childhood, Aug., 1963, 38, 364- 
374. (From: University Department of Bio- 
chemistry, Copenhagen, the State Institu- 
tion for Mentally Retarded, ‘Andersvaenge’, 
Slagelse, and the University Clinic of 
Paediatrics, Rigshospitalet, Copenhagen, 


Denmark.) 


Urinary excretion of acid mucopolysaccharides of 
varying composition and amount has been found in a 
number of rare diseases, mainly affecting connective 
tissues. Two of these are gargoylism and Morquio- 
Ullrich’s disease, the latter characterized by mental 
retardation, dwarfism, and skeletal changes. 

The authors have compared these two disorders 
by means of a new combined procedure making use of 
paper electrophoretic demonstration of mucopol y- 
saccharides followed by isolation and identification 
of the chemical constitution of each by infra-red 
spectroscopy. In Morquio-Ullrich’s disease chon- 
droitin sulphate B and altered hyaluronic acid were 
excreted in the urine, but not keratosulphate. In 
gargoylism chondroitin sulphate B was also excreted. 

The authors found that infra.red analysis over- 
came the difficulties encountered in conventional 
chemical methods of analysis. One should refer to the 
original article for specific details of procedure.— 


Arch H. Hail, M.D. 


Bowers, Dorrance. Marfan’s syndrome: the 
S. family re-visited. Canad. M. A. F, Aug. 
24, 1963, 89, 337-340. (From: Knox Clinic 
and Kelowna General Hospital, Kelowna, 
British Columbia, Canada.) 


The occurrence and consequences of affliction with 
Marfan’s syndrome have been studied over a period 
of 6 years in 6 generations of a large Canadian family 


in which at least 42 examples of the disease have 
been found. 
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Marfan's syndrome is an abiotropic disorder of 
connective tissue in which premature degeneration of 
the connective tissues is responsible for serious ocular 
and cardiovascular complications and shortened 
life span. 

Because there is no definitive treatment available, 
an educational approach to restriction of childbear- 


water, Fla.) 


Short distance roentgenography has been known 
for many years but has been used sparingly, and 
mainly for roentgenography of the sternum. When 
using this technique the part to be examined is 
brought as close to the film as possible. The part is 
magnified slightly but remains in focus, while more 
distant structures are magnified much more, so that 
they will often be out of focus and barely visible. 

'The technique was found useful in examination of 
certain facial bones, sternum, shoulder girdle, spine 
and the thicker parts of all extremities. Tt can occa- 
sionally be used in place of laminagraphy or other 
specialized procedures. 

Because of the short focal-film distance the mas. 
can be reduced, and since air absorption will be prac- 
tically eliminated, it is important that at least 2 mm. 
of aluminum filtration be employed.--Franers P. 
Shea, M.D. 
WALTHER, K. 


Internationale radiologische 


Beziehungen USA-Deutschland. (Interna- 
tional radiologic relationships USA-Ger- 


many.) Fortschr. a.d. Geb. d. Rüntgenstrahlen 
u. d. Nuklearmedizin, Aug., 1963, 99, 241- 
245. (Address: Mühlenstrasse 62, 295 Leer 
[Ostfriesland], Germany.) 


'The author, who is currently the (unofficial) his- 
torian of German radiology, starts his article by re- 
calling that Lowell Goin devoted his 1956 Carman 
Lecture to the "position of the roentgenologist," a 
theme favored by Guido Holzknecht since the begin- 
ning of the century. In the author's opinion George 
Pfahler (whose German origin is undisputed) was the 
most eminent American roentgen pioneer, a fact 
acknowledged by his being included among the five 
persons to whom Schinz dedicated the well-known 
diagnostic text. One of Pfahler's good friends was 
Georg Fedor Haenisch (of Hamburg) who delivered 
— on Pfahler's invitation-—the 1931 Caldwell Lecture 
in Atlantic City. 

The influx of American students into German 
medical schools began around 1870. It went hand in 
glove with the immigration of German physicians to 
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the USA. As a result, in the 1890s there were about 
five thousand German-American physicians in this 
country. Then came the “emancipation” of Amer- 


ican medicine, while today we are witnessing—-in the 
author's words--the "American" phase in world 
medicine. 


'The author then proceeds to enumerate the per- 
sonal friendships and the various scientific connec- 
tions developed over the vears. He also lists numer- 
ous German-American names in American radiology, 


— 


Otto Glasser, Wolfram Fuchs, Robert Machlett, and 
Willy Baensch (the order is that in which they ap- 
pear in the article). 

This article is a valuable and well-documented con- 
tribution to the enduring friendship between German 
and American radiologists, a friendship which has 
benefited not only the two countries involved, but 


also the rest of the world.—£. R. N. Grigg, M.D. 
RADIATION THERAPY 







SavERBREY, Rorr, and REINHOLD, Horst, Zur 
Strahlentherapie des Magenkarzinoms. (Ra- 
diation therapy of gastric carcinoma.) Sirah/- 
entherapie, June, 1963, 727, 193-199. (From: 
Strahleninstitut und Strahlentherapeutische 

Klinik der Medizinischen Akademie, Magde- 

burg, Germany.) 


Of 139 patients (92 male and 47 female) with 
inoperable gastric carcinoma treated with external 
radiation (through 2 ventral ports to an approximate 
tumor dose of 2,000 r): 45 (32.4 per cent) survived 1 
year; 18 (12.9 per cent) 2 years; 8 (5.8 per cent) § 
vears; and 2 (1.4 per cent) for 10 years. Of 87 pa- 
tients (45 males and 42 females) with gastric car- 
cinoma similarly treated postoperaticely: 76 (87.4 per 
cent) survived 1 year; $1 ($8.6 per cent) 2 years; 24 
(27.6 per cent) 5 years; and 7 (8 per cent) for 1 ๐ 
years. 

Survival time for the postoperative patients was 
not prolonged by irradiation, but the authors recom- 
mend radiation therapy of inoperable gastric car- 


Ricugs, Sig Eric. Surgery and radiotherapy m 
1963, 


Cancer of the urinary bladder occurs in two main 
forms; one is highly malignant and the other is less so. 
This difference in behavior is shown by the extent 
and rapidity of spread of the tumor and by its re- 
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sponse to treatment. In general, papillary forms are 
relatively benign, while solid tumors are usually very 
malignant. 

In this article, the author discusses the use of 
supervoltage radiation therapy as a method of treat- 
ment for bladder carcinoma. This type of therapy 
can be combined with surgery and has been em- 
ployed mainly for the more serious solid infiltrating 
tumors. The results of cystectomy without irradi- 
ation for solid tumors of the bladder show 9 per cent 
§ year survival. The results of supervoltage therapy 
alone are disappointing although they show 18 per 
cent 5 year survival. Of 113 patients treated by a full 
course of radiation therapy, which consisted of 6,700 
rads, 22 are still alive and 11 are tumor-free. 

The worse complications of supervoltage radiation 
therapy are telangiectasis with serious bleeding and 
radionecrosis of the bladder or adjacent bowel. Total 
or radical cystectomy has been done in 12 patients 
after supervoltage radiation therapy. Of these, only 
3 are alive. Cystectomy at this time may result in a 
cavity which will not heal. 

Interstitial irradiation remains the most satis- 
factory method to combine with surgery for localized 
malignant neoplasms of the bladder. Such interstitial 
irradiation may be done by means of radon seeds, 
tantalum wire, or radium needles. The addition of 
these procedures to local excision is, in the author's 
experience, of considerable value in improving the end 
results. 

Supervoltage radiation therapy is not a good sal- 
vage treatment for the hopeless case. It may be used 
for palliative purposes. It is recommended that, if 
supervoltage radiation therapy is to be given, local 
excision of the tumor and urinary tract diversion be 
done first. After a limited course of about 3,500 rads, 
a re-assessment should be made to decide whether to 
proceed with further irradiation or do a total 
cystectomy. 

Nine tables and 11 figures are included in this 
article.—George W. Chamberlin, M.D. 


Eckert, H., and SMITH, J. P. Malignant 
lymphoma of the testis. Brit, M. 7., Oct. 12, 
1965, 2, 891-894. (From: Christie Hospital 
and Holt Radium Institute, Manchester, 
England.) 


The authors report 35 cases of primary malignant 
lymphoma of the testis. The term malignant lym- 
phoma is a collective term for all tumors of lympho- 
reticular origin. Microscopically, most of the tumors 
were of the reticulum cell type, 2 were of the lymph- 
ocytic type, and 1 was a plasmacytoma. 

Thirty-five of 665 patients (5.3 per cent) with 
testicular tumors registered at the Christie Hospital 
from 1946 to 1962, were of the malignant lymphoma 
variety. The mean age of the group was 59.8 years as 
compared with a mean age of 33 years for the tera- 


Abstracts of Radiological Literature 


727 


tomas, and 42.3 years for the seminomas in their 
series. 

Treatment consisted of orchiectomy in all cases, 
followed by “whole abdomen" deep radiation ther- 
apy in 23 cases. The radiation technique was previ- 
ously reported by Gibb. 

The sites of metastases are given in a table with 

intra-abdominal lymph nodes shown to be the most 
common (17 cases), followed by the mediastinum (10 
cases). 
Four patients died from unrelated disease with no 
evidence of recurrence and 5 are still alive. These 
cases are reported in detail. In the 26 patients dead of 
disseminated disease, survival from the first symp- 
toms varied from 4 months to 34 years (mean 14.7 
months).—D. S. Linton, Tr., M.D. 


VAETH, JEROME M., and Levirr, Seymour H. 
Five-year results in the treatment of Wilms’ 
tumor of children. J. Urol., Sept., 1963, 9o, 
247—249. (From: Department of Radiology, 
University of California School of Medicine, 
San Francisco, Calif.) 


Thirty patients with histologically verified Wilms' 
tumors were evaluated for end results; 14 were males 
and 16 were females. Seventeen were less than 2 
years and 13 more than 2 years of age. It is signif- 
icant that 13 of the 17, less than 2 years of age, sur- 
vived, whereas only 3 of 13, more than 2 years of 
age, survived 5 years. When capsule invasion was 
present, the prognosis was poor as indicated by the 
fact that only 6 of 16 so involved survived 5 years. 
When capsule invasion was absent, 10 of 11 patients 
survived § years. The total $ year survival rate for all 
patients was 53.3 per cent. 

Preoperative irradiation, nephrectomy, and post- 
operative irradiation resulted in the best survival 
rate. Preoperative irradiation consisted of 2,500 r in 
3 to 4 weeks delivered to the mid-plane followed in 3 
to 4 weeks by transperitoneal nephrectomy. Post- 
operative irradiation carried out 2 weeks after 
nephrectomy consisted of 3,000 r in 4 weeks. 

The authors include 3 tables and 1 composite sur- 
vival curve to illustrate their statistics.—George W. 
Chamberlin, M.D. 


SAXENA, KRISHNA M., and CRAWFORD, JOHN 
D. Acromegalic gigantism in. an adolescent 
girl. 7. Pediat., May, 1963, 62, 660-666. 
(From: Department of Pediatrics, Harvard 
Medical School, and the Children’s Service, 
Massachusetts General Hospital, Boston, 
Mass.) 


Acromegaly secondary to eosinophilic tumor of 
the anterior pituitary lobe is an uncommon disorder. 
This is particularly true in children where gigantism 
is the characteristic manifestation. The case pre- 
sented is of a 14 year old girl with features of both 
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gigantism and acromegaly and whose disease seems 
well controlled by treatment. 

The case is reported in detail with rather extensive 
laboratory findings. Roentgenograms of the skull 
and fingers demonstrate a ballooned sella turcica, re- 
markable pneumatization of the paranasal sinuses 
and tufting of the distal phalanges. 

The patient was subjected to estrogen therapy 
which is known to be effective 1 ท slowing linear 
growth as well as in relieving symptoms. However, 
since relief was transient, radiation therapy with a 
dose of 4,000 r, using external high voltage source, 
was delivered to the pituitary gland. There were no 
untoward effects of the therapy and a one year 
follow-up showed control of the disease.— Jon L. 


Gwinn, M.D. 


De Scuryver, A., and Van VAERENBERGH, 
P. M. Observations sur le traitement des 
tumeurs aux électrons de haute énergie. 


with high energy electrons.) F. belge de radiol., 

1962, 45, 704-727. (Address: Dr. A. De 

Schryver, 8, Kasteelstraat, Gentbrugge, 

Belgium.) 

After briefly outlining the physical and radio- 
biologic fundamentals of high voltage electron-beam 
therapy, the clinical experience acquired with the 
treatment of 319 patients during the last 30 months, 
is reviewed. 

Most of the patients chosen for electron-beam 
therapy presented skin lesions, recurrences, and 
tumors known as radioresistant. 

From the technical aspect, the authors limit the 
treatment dose per field to a maximum of 300 r, 
whatever the size of the field, and insist on a perfect 
localization of the tumor. 

During this short period, they have noticed the ab- 
sence of skin and general reaction, a better tolerance 
of normal tissue, and a good tumor response to elec- 


^ 


trons.——£Eenne Lebel, M.D. 


* 


C1aMPELLT, E., and Peru, G. Comportamento 
della intradermoreazione alla tubercolina nei 
pazienti affetti da morbo di Hodgkin trattati 

adiologicamente. (The value of intradermal 
tuberculin reaction in patients with Hodg- 
kin's disease treated radiologically.) Radio. 


[Firenze], Italy.) 

The immunologic reactions to the intradermal 
tuberculin test were studied in 47 patients with 
Hodgkin’s disease before, at the end of roentgen 
therapy, and at a later date, in order to demonstrate 
any modification as a result of the treatment, 
Analysed also were the delayed responses, which 
were compared to the period of survival. 
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Twenty-four patients showed positive skin tests 
before roentgen therapy. Of these, 16 in later con- 
trols revealed no change in the positivity, while in 8 
the skin test became negative. Of the 16 cases in 
which the skin test remained positive, 12 obtained 
definite benefit from the treatment, with regression 
of the local involvement and improvement in the 
general condition. Four cases, however, showed no 
benefit whatsoever. 

Of the 8 patients who exhibited a change in the 
skin test from positive to negative, the disease con- 
tinued to progress very rapidly in 7, and only in 1 
case was there a moderate local and general improve- 
ment. 

Twenty-three patients had negative skin tests be- 
fore roentgen therapy. Of these, 15 in later controls 
showed again a negative skin test, while in 8 the skin 
tests became positive. Of the 15 patients in whom 
the skin test became negative, 6 showed satisfactory 
results from the treatment. In the other 9 patients 
there was no improvement in the local and general 
conditions. Of the 8 cases in which the skin test be- 
came positive, 6 showed a satisfactory result, while 
in 2 the disease progressed quite rapidly. 

In concluding, the authors state that the intra- 
dermal tuberculin test done before roentgen therapy 
does not permit any definite evaluation of the fur- 
ther evolution of the disease. The opposite could be 
said of the reactions to the skin test after roentgen 
therapy. From the results obtained it appears that of 
the patients in whom the tuberculin test became posi- 
tive after treatment, and of those patients whose test 
was positive before treatment and did not change 
after treatment, the over-all results were quite satis- 
factory in a greater percentage, with improvement of 
the local and general conditions... F. Govont, M.D. 


RADIOISOTOPES 


Texrer, E. CLINTON, JR., CHEJFEC, GREGERIO, 
and Coorgg, โอ น ง A. D. The I5'-triolein 
absorption test. I. Effect of the nonradio- 
active meal on the rate of absorption of 
radioactive-labeled triolein. Am. f. Digest. 
Dis., Sept, 1963, $, 729-741. (Address: 


3 


The purpose of the authors was to study the effect 
of the nonradioactive component of the meal on the 
rate of absorption of I?-triolein, [triolein has been 
widely used to determine fat absorption from the in- 
testinal tract, The indices employed are: peak blood 
radioactivity levels with summation and averaging 
of the 4th, sth and 6th hour blood levels; the 6-hour 
area under the curve representing the appearance of 
radioactivity in the venous blood; and the excretion 
of radioactivity in the stool. 'The level of blood radio- 
activity at any time is determined by many factors, 
such as: rate and amount of absorption; utilization 
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and storage of fat; completeness of the thyroid block 
for iodine; and rate of gastric emptying. 

The Ptriolein meal, devised by Ruffin in 1956, 
consisted of an emulsion of peanut oil, water and 
Tween 80 containing ['?.triolein. Other test meals 
have used I?.-triolein with olive oil and/or milk with 
or without ginger ale. Some have used capsules 
containing triolein. The authors used the follow- 
ing meals in this study: [triolein in a standard pea- 
nut oil emulsion (peanut oil, water and Tween 80); 
capsules of [triolein with breakfast (milk, toast 
and jam); capsules of I?'-triolein in a half milk and 
half cream emulsion; and I "triolein in a 48 per cent 
peanut oil emulsion. 

The radioactivity of the blood samples was deter- 
mined at 2, 4, 6, and 8 hours following the ingestion 
of the meal. Fluoroscopy of the stomach was done at 
4 hours after ingestion of the meal to determine the 
degree of gastric retention. The radioactivity in the 
stools was determined on the ¢ day collection. 

The rate of absorption of the I" triolein. was 
found to be influenced by the type of the adminis- 
tered meal. The blood radioactivity levels were high- 
est with milk, less with half milk and half cream, and 
lowest with peanut oil emulsion. The peanut oil emul- 
sion resulted in a delaved absorption due to nausea 
and inhibition of antral motor activity. The IU 
triolein capsules given with a meal resulted in a more 
rapid initial phase of absorption. There was a delayed 
absorption if the I?'-triolein was given with a peanut 
oil emulsion. 

The I?-triolein in the milk meal was readily ac- 
cepted and was thought to be more phvsiologic than 
the other meals.—Charles W. Cooley, M.D. 


VIDINLI, MUSTAFA, Texter, E. CLINTON, JR., 
and Cooper, โอ ห ม A. D. The Ttriolein 
absorption test. II. Use of I?'.triolein milk 
emulsion as an index of fat absorption in 
normal subjects and patients with malabsorp- 
tion. dm. J. Digest. Dis, Sept., 1963, 8, 
742-762. (Address: 303 East Chicago Ave- 
nue, Chicago 11, Ill.) 


The authors used I?-oleic acid milk emulsions and 
[triolein milk emulsions with and without pancre- 
lipase to study the fat absorption in normal subjects 
and patients with malabsorption. The [triolein 
milk emulsion consisted of 240 ml. of milk, 10 ml. of 
peanut oil containing 30 uc of [BLtriolein, 1 ml. of 
Lugol’s solution and 20 gm. of barium sulphate; 10 
ml. of oleic acid containing 30 uc of I?t-oleic acid was 
substituted for the triolein in the oleic acid studies. 
Blood samples were obtained at 3, s, and 7 hours 
after the ingestion of the meal. Gastric retention was 
checked at 4 hours by fluoroscopy. Stools were col- 
lected for 72 hours. The results were expressed as per- 
centage of the administered radioactivity present in 
the calculated total blood volume and in the fecal 
excretion during the period of collection. 
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Twenty normal subjects were studied. The normal 
standards of the control subjects for peak blood 
radioactivity ranged from 11.90 to 21.67 per cent 
with a mean of 16.6342.57 per cent. The low range 
used to separate the normal from abnormal values 
was 11.90, which approximates the mean minus 
2 S.D. or 11.49 per cent. The fecal radioactivity 
ranged between o and 5.54 per cent. The high range 
used to separate the normal from the abnormal 
values was $5.54 per cent, which approximates the 
mean plus 2 S.D. or 5.38 per cent. 

The "triolein test was done on 118 patients with 
various conditions such as: pancreatitis, tumor of the 
pancreas and biliary tract, postgastrectomy syn- 
drome, postgastrectomy and associated pancreatitis 
or partial pancreatectomy, regional enteritis, entero- 
colitis and/or small bowel resection, ulcerative 
colitis, eirrhosis of the liver, sprue, functional diar- 
rhea and other conditions. The mean blood and fecal 
radioactivity values differed in a statistically sig- 
nificant manner from the normals in the above con- 
ditions except for those with functional diarrhea. 

The peak blood and fecal radioactivity agreement 
was usually good, but when there was a disagreement 
the blood radioactivity was low in association with 
normal fecal radioactivity, The authors found that 
the administration of pancrelipase with [triolein 
was more reliable in the diagnosis of pancreatic 
steatorrhea than with the I®oleic milk emulsion. 

Most of the criticism of the I?t.triolein absorption 
test concerns the failure at times in detecting mild 
cases of steatorrhea which can be detected by chem- 
ical analysis of the stool. Isotopic methods will con- 
tinue to be used because of their relative simplicity 
and the unavailability and expense of fecal fat bal- 
ance studies. 

The use of the IP?'.triolein milk emulsion has ad- 
vantages over the other techniques and particularly 
if major reliance is placed upon fecal rather than 
blood radioactivity.—Charles IF, Cooley, M.D. 


RorHrELD, B., and Osporne, ไว อ ง แบ ด. Mal. 
absorption syndrome produced by neomycin. 
Am. T. Digest. Dis., Sept., 1963, 8, 763—768. 
(Address: Veterans Administration Hospital, 
Perry Point, Md.) 


The administration of neomycin in large doses pro- 
duces symptoms similar to those found in idiopathic 
steatorrhea or primary intestinal malabsorption. The 
steatorrhea ceases when the neomycin is discon- 
tinued. 

The authors studied the relationship between 
steatorrhea produced by neomycin and the steator- 
rhea of gluten-sensitive steroid-responsible absorp- 
tion. defect in patients with primary intestinal 
malabsorption, The subjects were psychiatric pa- 
tients in good general health. They were studied using 
a 50 uc capSule of I?.elycerol trioleate in a test meal 
containing vegetable oil, water, sugar and a whole 
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egg. The radioactivity of the blood and feces and the 
fecal fat content were determined. The base line was 
determined on a diet containing 100 gm. of fat per 
day. The tests were repeated after: the administra- 
tion of high doses of neomycin (12 gr./day for $ 
days); the administration of neomycin as above and 
with a gluten-free diet; and after the administration 
of neomycin with prednisone. 

Neomycin produced steatorrhea in 9 out of 10 pa- 
tients measured chemically. Only 4 of the 9 showed 
impairment in blood fat levels, and only 5 of the 9 
showed increased radioactivity in the stools. Eight of 
1 ๐ patients maintained normal stool fat levels when 
on a gluten-free diet. All developed normal levels of 
blood-radioactive fat when on a gluten-free diet, but 
4 of the 10 showed excessive fat in the stool as meas- 
ured by the I'*!-triolein test. The steatorrhea pro- 
duced following the administration of neomycin with 
prednisone was approximately half as severe as that 
seen with neomycin alone. 

The I?'-triolein measured in blood and feces failed 
to reflect total fecal fat losses in neomycin-induced 
steatorrhea. 

Neomycin-induced steatorrhea is similar to idio- 
pathic steatorrhea in that it can be prevented by the 
administration of a gluten-free diet during the time 
it is given and that the administration of prednisone 
with neomycin decreases the severity of the neomy- 
cin-induced steatorrhea.— Charles W. Cooley, M.D. 


Soper, D. Bruce. A new scanning isotope, 
mercury’; a preliminary report. J. Nuclear 
Med., Sept., 1963, 4, 335-344. (From: Isotope 
Section, Radiology Service, Walter Reed 
General Hospital, Walter Reed Army Med- 
ical Center, Washington 12, D. C.) 


The author has investigated the use of radioactive 
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mercuric chloride (Hg!) as a scanning agent in 
hopes of further reducing radiation dosages in this 
procedure. Hg!*? has a physical half-life of 2.7 days as 
compared to 47 days for Hg?*. It also decays with 100 
per cent gamma emission. Probably because of the 
attachment of ionic mercury to available sulfhydryl 
groups, not only the kidneys are visualized by scan- 
ning, but also the liver and spleen. Therefore, one 
diagnostic dose of Hg!" will give good evaluation 
of all three organs, and the procedure is technically 
much simpler. Radiation to the kidneys is reduced 
by one-eighth over the Hg?? method, and the dose 
to the spleen is only one-thirtieth of the dose de- 
livered when using the Cr*! method. 

The author is also evaluating the use of Hg'" 
chloromerodrin for brain and renal scans.—Richard 


W. VanBuskirk, M.D. 


Buscu, Manrrep. Uber die Berechnung der 
Dosisverteilung mit der elektronischen 
Rechenmaschine bei interstitieller Anwen- 
dung von radioaktiven Seeds (ausgeführt am 
Beispiel der Radiogoldseeds). (The electronic 
computer and the calculation of dose dis- 
tribution from interstitial radioactive seeds 
[illustrated with radioactive gold seeds].) 
Strahlentherapie, Aug., 1963, 727, 549-555. 
(From: Strahlenabteilung der Universitats- 
Frauenklinik, Freiburg/Brsg., Germany.) 
The author describes a program for an electronic 

computer (*'Si-2002") for determining radiation dose 

distribution from interstitially implanted radioactive 
gold seeds. The computed doses coincide with the 
doses measured in a physical reconstruction of the 
implantation. About 60 minutes are necessary for the 
computer to print out the dose at 1,600 points with 
a 15-seed implantation.—Henry G. Moehring, M.D. 





WHAT DOES HE SEE? 


He should see radiographs that have clear, 
sharp detail to help him arrive at his 
diagnosis. 


With correct exposure technic, KODAK 
ROYAL BLUE or KODAK BLUE BRAND 
Medical X-ray Film and correct KODAK 
X-OMAT Processor chemistry, he will see 
just such radiographs—day after day. 





EASTMAN KODAK COMPANY, x-ray Sales Division, Rochester, N. Y. 
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roduced from a radiograph made on 


KODAK | ROYAL BLUE] Medical X-ray Film 


processed in KODAK x-ray chemicals 
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\TMENT OF “X-RAY DRY SKIN" 


balanced water-in-oil emulsion 


rehydrates physiologically P QI YSO R B H Y D RAT E 


and restores normal skin lipids 


Use of Polysorb Hydrate can offset many of 
the minor and superficial effects of exposure 
of the human skin to irradiation. Applied 
immediately after exposure and followed by 
instructions for liberal and frequent applica- 
tion, Polysorb Hydrate helps rehydrate the 
keratin layer and entire stratum corneum. . 
normalize water exchange . . . restore skin 
lipids . . . minimize skin irritation, redness, 
and roughness .. . prevent or lessen incidence 
of scaling subsequent to high dosage levels or 
repeated therapy. i 
Polysorb Hydrate is bland, soothing, non- 
sensitizing, nonirritating. It contains nothing 
to induce sensitivity or allergic reactions. 


POLYSORB HYDRATE Hydro Dispersant Emollient con- 
sisting of sorbitan sesquioleate in special wax and pet- 
rolatum base. Supplied in 50 gm. tubes and 425 gm. jars. 


E. Foucera & COMPANY, INC. 
Hicksville, Long Island, New York 
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REQUIRED READING FOR YOUR X-RAY TECHNICIANS . 


PRINCIPLES OF RADIOGRAPHIC A GUIDE FOR STUDENT 
EXPOSURE AND PROCESSING (2nd X-RAY TECHNICIANS 
Ed., 2nd Ptg.) 

By Arthur W. Fuchs, Rochester, N. Y. Both 
x-ray technician and radiologist will find in this 
volume an amply illustrated guide to accepted 


By Joyce Oliphant, Macon Hosp., Macon, Ga. 
Based on many years of successful teaching ex- 
perience, this guide consists of self-testing ques- 
tions on every phase of x-ray technology . . . 


procedures for the production of good quality 
radiographs from properly exposed x-ray film. 
Covers the field with chapters on Radiographic 
Terms; X-Ray Film; Silver Image Formation; 
Image Characteristics; Radiographic Exposure; 
Body Tissues; Function of Focus-Film Distance; 
Function of Kilovoltage; Secondary Radiation 
Fog: Function of Milliampere-Seconds; Ge- 
ometry of Image Formation; X-Ray Itensifying 
Screens; Standardization of Exposure Tables and 
Their Arrangement; Processing Procedures; 
Packing, Storage and Handling X-Ray Film; 
Mixing Processing Solutions: Development Proc- 
ess; Rinsing Process: Fixing Process; Washing 
Process; Drying Process; High Temperature 
Processing: Rapid Processing of Surgical Radio- 
graphs, 

February 1964 300 pages (7 x 10) 
$10.50 600 illustrations 


CHARLES C THOMAS - PUBLISHER 


lawrence Avenue 


ethics, nursing procedures. contrast media, 
terminology, prefixes and suffixes, anatomy and 
physiology, darkroom, radiographic quality, 
physics, radioactive substances, radiation protec- 
tion, routine radiography, special procedures. 
and positioning. For answers the student may 
refer to his classroom lectures and to an excel- 
lent list of textbooks and handbooks contained 
in the study guide. Printed answers are included 
in the back of the book—-perforated for easy 
removal at the discretion of the instructor. The 
student who has completed this course of study 
will be weil prepared for his Registry Examina- 
Hon. 


November 1963 168 pages 


$5.50 


301-327 East 
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NEURORADIOLOGIC 


SYMPOSIUM 


SEPTEMBER 20-25th, 1964 


Waldorf Astoria Hotel 
New York, N.Y, 


sana 


The Program Will Include: 


NEURORADIOLOGICAL 


DIAGNOSIS AND 
THERAPY 


Plus 


A Symposium On 


RADIATION AND THE 


NERVOUS SYSTEM 
ineluding: 
RADIOBIOLOGY, 
RADIOISOTOPES, 
and ULTRASOUND 


Juan M. Taveras, M.D., 
President 
Neurological Institute 


Columbia-Presbyterian 
Medical Center 


New York 32, New York 


Cable: *Neuradsym" 
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— AVAILABLE SOON> 


CONSOLIDATED 
INDICES 


VOLUME VI 


embracing 


The American Journal of 
Roentgenology, Radium Therapy 
and. Nuclear Medicine 


Volumes 79-88 (1958-1962) 


Covers some 8,000 pages of original papers, 
editorials, biographical sketches, and ab- 
stracts of both domestic and foreign jour- 
nals published in THE AMERICAN JOUR- 
NAL OF ROENTGENOLOGY, RADIUM 
THERAPY AND NUCLEAR MEDICINE 
for the vears 1958-1962. 


Fills a very definite need and will be wel. 
comed by those who have occasion to con- 
sult the Journal during this five-year period. 
Increases the usefulness of your set of jour- 


nals a hundred-fold. 


A Lintited Quantity 
Has Been Printed 


Reserve Your Copy 
NOW 


CHARLES C THOMAS - PUBLISHER 
301-327 East Lawrence Avenue 
Springfield * Illinois 
Send me the volumes I have checked below on 
ten days free inspection approval. I will send a 
remittance within thirty days for the ones I decide 
to keep. (Purchasers outside U.S.A. should send 

cash with order.) 
Volume 11 (1938-1942), $10.00 
Volume III (1943-1947), $22.50 
Volume IV (1948-1952), $23.50 
Volume V (1953-1957) , $25.00 


When Ready: 


Volume VI (1958-1962), about 640 pp. 
*Volume I (1903.1937) out of print. 
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Stays in 
suspension longer 


N EW IMPROVED FORMULATION 


Strikingly better 
coating qualities 





47 flavored and 
| [UNS ล ร น unflavored through 
§ AME HIGH QUALITY BRAND OF BARIUM X-Ray Dealers 

SULFATE MEAL 


SEND FOR FREE 5 LB. Sample! 


GREATER ECONOMY Costs less than other leading brands of 


barium sulfate preparations used in X-Ray 















SS นพ diagnosis. Ask for it by name! 
I-X BARIUM 
A Product of qan ซะ en 


X-RAY COMPANY 


4000 Olive St. * St. Louis B, Mo. 
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SubAcube. today. to 


THE JOURNAL OF THE CANADIAN 
ASSOCIATION OF RADIOLOGISTS 


published quarterly: March, June, September and De- 
cember. It is the official organ of The Canadian 
Association of Radiologists. 





Price $3.50 per annum in Canadian or equivalent funds. 





Tue Canadian Assoriation of Radiologists, 


เท่ we 


1335 Summerhill Avenue, 
Montreal 25, Quebec, Canada 


Please enter my subseription to the JOURNAL OF THE CANADIAN ASSOCIATION OF RADIOLOGISTS, for which my cheque 


is enclosed, 
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prečni i ICATO! 
Precision quality ls D 
X-ray accessories Lt. MTS 680 แบ น 
and specialties พ 0 





P.LE. LIGHTWEIGHT CASSETTES 
(SINGLE LEVER: LOCK) © 


AUER INTENSIFYING SCREENS 
(REGULAR AND COMPENSATED: 





LUMINOUS. CE! 





AUER MULTISECTION € 
Ask your Local X-Ray Dealer are 1 
or write for catalogue to 
PHYSICIANS TECHNICAL 
EQUIPMENT CO., INC. 


X-Hay Accessories and Specialties 
12 Van Dam Street, New York 13, N. Y. 








| 96YEARS rrtsit are hope o 
USED X-RAY FILM 


® We purchase all makes and sizes from any point in the 
nation, and pay the freight cost. 





© We remit in advance if desired, or promptly after receipt 
and tally of the value. 


® Write for prices today. We will send shipping labels, and 
direct your film to our nearest plant. 


DONALD McELROY, INC. 


53 W. Jackson Blvd., Chicago 4, Ill. 
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The superior resolving power of the new 
Du Pont screens brings more information 
to your eye. 

A new lustrous white phosphor surface 
makes these screens wear longer and 
clean more easily. The CRONAR* polyester 
base is resilient, free of curl, chemically 





inert, tough and dimensionally stable. 
Du Pont screens are free from static 
problems, too— and they emit a spectrum 
of light superbly balanced for speed, de- 
tail and consistency. 
Now's the time to look at new screens. 
You'll see more—with Du Pont Xtra Life. 


ร ร จ ร จ ค ล ณ แจ ไผ ฉั ร จ จ ร ร ง จั ไร ซ หุ ญ ุ ส ฎา ฟ็ อ ว น น แน ร น ค ล แห น แช ชล น น น ล ล ย ล์ 


*Dy Pont's registered trademark 
for its polyester film base. 
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THE NEW, IMPROVED BARNES-HIND P//EUMOCOLON* 


One simple procedure for complete barium-air contrast studies... 
minimizing the possibility of contamination. 


Controlled barium flow is maintained through Pneumocolon's 

positive pressure. 

Leakproof stability is assured by new cap and gasket assembly. 
Unbreakable flask is made of virtually indestructible linear polyethylene. 
Increased capacity, sufficent to complete any examination, is insured 
by Pneumocolon's new large (2,000 cc.) flask. 

Light, easy to handle. Compact design results in a Pneumocolon that 
measures only 81/2” from the base of the flask to the top of the triangle. 


4 BARNES-HIND BARIUM PRODUCTS 
© DIVISION OF BARNES-HIND PHARMACEUTICALS, INC. 
* Sunnyvale, California 


For absolutely 
unsurpassed 
sharpness of 
radiopaque 
delineation, 
either in air con- 
trast or in other 
techniques, use 
BAROTRAST® 

It is a specially 
processed Barium 
Sulfate which 
mixes toa 
virtually perma- 
nent suspension. 
Environmental 
changes during 
use do not result 
in precipitation, 
peeling, cracking, 
or clumping 

of the barium. 

Its flow is steady, 
consistent, and 


columnar. Its cov- 

erage is complete. 

Its coating is thin, 

elastic, tenacious. 

An ideal aid 

to precise 
Srah 1963 examination. 

















NEW AUTOMATIC FILM PROCESSOR PROMOTES 
MORE 


darkroom side 


The benefits to the x-ray department, as a whole, 
of installing automatic film processing equipment 
have been widely recognized. Its ability to pro- 
duce dry, ready-to-read films within minutes after 
exposure has enabled radiologists to more effi- 
ciently organize departmental work schedules. Even 
in the small radiological office, a single all-purpose 
x-ray technician, relieved of the film processing 
task, can handle more patients more cfficiently. 


From the technicians’ point of view, however, the 
incessant cleaning required by such machines has 
proved a time-consuming chore. The cross-over 
racks through which films transit from one tank 
to another have been particularly troublesome in 
this respect: as the wet films travel through the 
dry rollers of the rack, carried over solution tends 
to evaporate, leaving a chemical deposit on the 
rollers. This crust, once started, can build up so 
rapidly that rollers should be removed from the 
rack and cleaned daily: a task that may take up 
to an hour of time a technician can ill spare. Not 
to clean daily is to run the risk of dirtying radio- 
graphs or even abrading them in their passage 
through the processor. 


A newly designed film processor developed by 


Picker X-Ray Corporation eliminates the daily- 


cleaning chore by dispensing with the cross-over 
rack altogether. By keeping tank-to-tank «f&nsport 
rollers always wet, it avoids the accumufation of 
dried out chemical crusts. Pilot installations have 
shown that once-a-week cleaning is adequate to 
keep the transport system operating at full effi- 
- ciency. Even this infrequent job is made easier by 
the lightweight (only 17 lbs.) “lift-out” racks. 


Technicians y" also welcome the automatir film 





- 


finishing room side 





need do is to load the films into the feeder tray.and 


close the lid: whereupon they will be free to leave 


the darkroom to proceed with other business. Thé 


tray will accommodate up to 60 films at a time 


(any size), feeding them one by one into the ma- 
chine to be automatically processed in 6 minutes. 
and finally deposited in a receiving bin dry and 
ready to sort and read. 


Processing chemicals specially formulated for 
most efficient operation of the new processor are 
continuously replenished thrcugh hoses leading 


> 


, 
H 
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from tanks cradled in a mobile dolly (which can” 


be located up to 20 feet from the machine). Re 
plenishment, metered into the system by a “feele” 
probe, is exact and specific for each film size. 
When the last film has entered, the machine auto- 
matically reverts to standby, thus economizing on 
replenisher. 


With hardly any interruption to the normal proc-. 


essing flow, emergency films can be manually in- | 
serted into the machine on a “last-in, first-out” - 


basis, to be delivered dry and ready for the waiting: 
radiologist in six minutes. 


The new design is now in production after two. 
years of field testing. Predictably the response of 
the.technicians and darkroom personnel soon to 


be using Pixamatic film processors will be as en- 
thusiastic as that of the people who have been 


operating pilot installations. 





RICKER Y RAV CORPORATION 


ร 


ey 
j À 


A 
At) 


